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PRIMARY  PRODUCTION  AND  ECONOMIC  DEVELOPMENT 

by 

Munldasa  Chandrasoma  Kodlkara 
CHAPTER  I 

THE  PROBLEM  AND  ITS  SETTING 


1.1  Introduction. 

The  prices,  output  and  the  proceeds  from  the  production  of  primary 
commodities  have  been  In  the  past  subject  to  rather  violent  fluctuations. 
The  Instability  arising  from  these  fluctuations  Is  not  only  a  source  of 
Instability  to  the  producer  countries,  but  Is  also  a  case  for  concern 
to  the  Industrial  countries  who  use  these  commodities . 

Underdeveloped  countries  are  not  the  only  producers  of  primary 
commodities.  However,  the  problems  of  primary  producing  underdeveloped 
countries  are  more  serious.  Their  economic  backwardness  and  the  weaker 
bargaining  strength  make  them  especially  vulnerable  to  fluctuations. 

The  problems  of  primary  producing  underdeveloped  countries  has  been 
the  subject  of  many  recent  research  studies.  The  United  Nations  and  Its 
specialized  agencies  have  sponsored  many  such  studies.^  A  resolution  of 
the  General  Assembly  of  the  United  Nations^  In  1952  resulted  In  the 
appointment  of  a  committee  of  five  economists  to  study  the  excessive 
fluctuations  In  the  prlmaiy  commodity  markets,  and  to  suggest  practical 


Two  such  studies  that  we  shall  refer  to  in  the  future  are;  United 


Nations,  Department  of  Economic  Affairs  ;  Instability  In  Export  markets 
of  Under- developed  Countries,  (New  York  1952);  and  United  Nations, 
Commodity  Trade  and  Economic  Development,  (New  York  1955) • 


u 


Resolution  623  (VIl),  of  the  General  Assembly  of  the  United  Nations, 


adopted  21  December  1952;  this  resolution,  the  terms  of  reference  of  the 


committee  and  the  report  of  the  committee. 
Trade  and  Economic  Development,  op.  clt. 


are  published  in  Commodity 


methods  for  their  stabilization.  More  recently,  the  contracting  parties 
of  the  General  Agreement  on  Tariffs  and  Trade  (GATT)  appointed  a  panel 
consisting  of  four  of  the  world's  foremost  authorities  in  international 


economics  to  study,  among  other  things,  the  effects  of  the  wide  fluc¬ 
tuations  of  primary  products  and  the  export  earnings  of  these  countries 
Still  more  recently  Kyklos,  the  international  review  of  social  sciences, 
conducted  two  symposiums  devoted  to  the  study  of  this  same  problem.  Ihe 
first  of  these  syTi5)Oslums,^  conslstir^  of  an  entire  issue  of  this 
Journal,  was  a  debate  between  Professor  Nurkse  and  a  group  of  other 
well-known  economists  about  the  method  of  stabilization  of  the  primary 

commodity  markets,  which  was  suggested  by  Professor  Nurkse.  Ihe 
5/ 

second-'  conducted  about  a  year  later  was  devoted  to  the  more  important 
'dynamic'  problem  of  economic  development  and  stabilization.  All  these 
studies  point  to  the  seriousness  of  the  problem  of  instability  arising 
from  the  fluctuations  in  primary  commodities  and  the  very  urgent  need 
for  a  solution  to  this  problem. 

1.2  Factual  background. 

Before  proceeding  to  discuss  the  problem  resource  allocation  in  a 
primary  producing  country,  we  intend  taking  a  look  at  the  nature  of  the 
fluctuations  that  arise  in  primary  production.  The  Department  of 
Economic  Affairs  of  the  United  Nations,  in  their  study  entitled 
"Instability  in  Export  Markets  of  Itaderdeveloped  Countries,"^ 


2/ 


^  General  Agreement  on  Tariffs  and  Trade,  Trends  in  International 
Trade;  a  report  by  a  panel  of  experts,  (Geneva,  1958) • 

^  "The  Quest  for  a  Stabilisation  Policy  in  Primary  Producing  Countries," 
A  symposium,  Kyklos,  Vol.  11,  1958/  Fasc.  2,  pp.  139-265. 

^  "Stabilisation  and  Development  of  Primary  Producing  Countries," 
Symposium  2,  Kyklos,  Vol.  12,  1959,  Fasc.  5,  PP*  269-401. 

^  Instability  in  Export  Markets  of  under-developed  Countries^  op.  elt. 
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has  collected  and  analyzed  the  fluctuations  of  prices  and  volumes  of 
major  primary  commodities  and  the  fluctuations  in  export  earning  of 
primary  producing  underdeveloped  countries.  Ihe  source  of  our  statis¬ 
tics  for  this  section  is  this  excellent  study. 

First  we  shall  consider  the  year-to-year  and  within-year  fluc¬ 
tuations  of  the  market  prices  of  some  of  the  primary  commodities.  The  aver 
age  percentages  of  these  fluctuations  for  20  major  commodities  are 
represented  in  Table  1.1.  The  year-to-year  price  fluctuations  are 
measured  as  the  change  from  the  average  of  one  year  to  the  average  of 
the  next,  measured  as  a  percentage  of  the  higher  value.  These  prices, 
we  see,  are  subject  to  very  substantial  fluctuations,  varying  from 
7.1^  for  tea  to  20.656  for  rubber,  with  an  average  of  l4.56^.  This 
means  that  the  prices  of  the  next  year  could  drop  by  or  Increase 

by  The  high  value  for  this  can  be  seen  by  comparison  to  the 

year-to-year  variation  of  the  unit  value  of  the  United  States  exports 
of  finished  manufactured  goods;  for  the  inter-war  period,  this  was 
less  than  half  the  average  year-to-year  fluctuation  of  the 
primary  commodities.  The  year-to-year  variation  of  the  United  States 
consumer  price  index  was  only  4/6.^ 

Within-year  variation  of  the  eleven  price  commodities  show  much 
larger  fluctuations.  The  range  of  within-year  variation  is  measured 


v 


This  is  the  percentage  increase  from  100,  as  measured  from  the 
lower  value  100. 


Commodity  Trade  and  Economic  Development,  op.  cit . ,  p .  8 


TABLE  1.1 


YEAR-TO-YEAR  AND  WITHIN- YEAR  FLUCTUATIONS  IN 
MARKET  PRICES  OF  TWENTY  PRIMARY  COMMODITIES  1901-1951 
(Average  Percentage  Fluctuations) 


Commodity 

Year-to-Year^ 

Within  Year^ 

Bananas 

15.0 

Cocoa 

16.7 

31.9 

Coffee 

17.2 

26.2 

Copper 

15.8 

21.9 

Copra 

16.1 

- 

Cotton 

15.4 

30.4 

Hemp 

16.1 

- 

Jute 

15.0 

33.3 

Linseed 

12.7 

Manganese 

18.7 

- 

Rice 

12.8 

- 

Rubber 

20.6 

37.3 

Silk 

15.8 

- 

Sodium  Nitrate 

7.5 

- 

Si:igar 

17.1 

18.7 

Tea 

7.1 

29.2 

Tin 

13.3 

26.0 

Tobacco 

18.4 

• 

Wheat 

11.9 

30.0 

Wool 

14.2 

27.2 

Average 

14.37 

28.37 

Source:  United  Nations , Department  of  Economic  Affairs, 
Instability  in  Export  Markets  of  Underdeveloped  Countries,  (New  York, 
1^5^)/  PP*  10  and  22.  — 

Change  from  the  average  of  one  year  to  the  average  of  the 
next,  measured  as  a  percentage  of  the  higher  value. 

The  difference  between  the  highest  and  lowest  monthly  prices 
within  a  year,  measured  as  a  percentage  of  the  higher  value. 
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as  the  difference  between  the  highest  and  lowest  monthly  prices  within 
a  jear,  measured  as  a  percentage  of  the  higher  value.  In  almost  all 
cases^  the  wlthln-year  variation  Is  much  higher  than  the  year-by-year 
variations..  Ihe  wlthln-year  variations  have  an  average  of  28.4^^, 
almost  twice  as  high  as  the  average  year-to-year  fluctuations.  These 
wide  short-run  fluctuations  are  the  combined  result  of  seciilar,  cyclical, 
yearly,  seasonal,  and  random  forces.  The  seasonal  factor,  very  likely. 

Is  quite  significant  for  many  of  the  primary  commodities. 

The  fact  that  the  prices  tend  to  move  In  the  same  direction  for 
several  successive  years  makes  the  measurement  of  year-to-year  fluc¬ 
tuations  alone  underestimate  degree  of  Instability  caused  by  price 
movements.  We  give  In  Table  2  an  analysis  of  the  cyclical  movement 
of  prices  for  the  above  20  commodities,  as  compiled  by  the  United 
Nations  study.  In  the  analysis  of  cyclical  movement  of  prices,  the 
long-term  secular  trends  are  eliminated.  The  average  duration  of  the 
upswing  and  downswing  of  these  price  cycles  is  a  little  over  two  years, 
making  a  cycle  of  length  a  little  over  four  years.  Ihe  amplitude  of 
a  cycle,  from  trough  to  peak  or  from  peak  to  trough,  is  about  295^, 
measured  as  a  percentage  of  the  higher  value.  This  illustrates  the 
high  Intensity  of  the  price  movements.  For  coffee,  cotton,  sugar, 
rubber,  and  tin,  the  anplltude  was  over  35-1/ 55^,  measured  as  a  per¬ 
centage  of  the  higher  value  for  this  makes  price  fluctuations  of 
greater  than  505t  measured  from  the  known  value.  Ihe  average  rate  of 
increase  per  year,  resulting  from  the  upswing  of  the  cycle  was  12.7516, 
and  the  rate  of  decrease  during  the  downswing  was  about  14.4^6.  These 
annual  rates  of  cheuige  due  to  cyclical  movements  are  as  high  as  the 
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TABLE  1.2 


CYaiCAL  MOVIMENT  IN  MARKET  PRICES,  1901  to  1951 


r*-  4  4*  4  ^  M  - 

Upswing 

Downswing 

UUUU^...'U.  J.  C/XC 

Percentage 

Increase 

Percentage 

Decrease 

as 

CO 
tjD 
0  Cl 

Cd 

0) 

'd 

^  CO 

0  to 

g 

<D 

u 

Q 

0 

•rl 

OQ 

P 

Qj 

0) 

Ih  > 

^  CO 

•H 
H  -P 

CO 

4-> 
rH  *H 

1  ^ 

H  +5 

cd  cd 

cd 

rH  ‘H 

9> 

-P 

li 

3  £ 

0  3 

as 

{Si 

cd  H 

0  & 

cu 

■P  u 
a  0 

K  P 

1  & 

>-* 

05  <D 

K  Ph 

S  P 

B  p 

E-i  .5 

1 

Bananas 

6 

13 

30 

12 

5 

13 

24 

11 

2 

Cocoa 

8 

20 

34 

15 

8 

18 

36 

16 

3 

Coffee 

7 

21 

k3 

15 

8 

19 

42 

18 

k 

Copper 

7 

22 

36 

12 

7 

19 

37 

l4 

5 

Copra 

9 

30 

14 

4 

11 

32 

18 

6 

Cotton 

6 

19 

111 

13 

7 

20 

4l 

l4 

7 

Hemp 

12 

20 

22 

12 

12 

19 

25 

15 

8 

Jute 

9 

19 

30 

16 

9 

20 

31 

14 

9 

Linseed 

8 

26 

30 

10 

8 

15 

29 

15 

10 

Manganese 

5 

10 

27 

12 

4 

8 

36 

29 

11 

Rice 

10 

21 

2li 

13 

10 

21 

24 

12 

12 

Rubber 

11 

21 

35 

24 

11 

20 

32 

18 

13 

Silk 

10 

19 

2k 

14 

10 

19 

25 

13 

Ik 

Sodium- 

Nitrate 

10 

19 

12 

5 

10 

25 

13 

6 

15 

Sugar 

8 

20 

37 

16 

8 

19 

39 

16 

16 

Tea 

8 

17 

13 

6 

8 

24 

14 

5 

17 

Tin 

6 

19 

36 

13 

6 

23 

36 

9 

18 

Tobacco 

8 

17 

19 

10 

8 

20 

21 

18 

19 

Wheat 

10 

22 

27 

10 

10 

21 

17 

8 

20 

Wool 

9 

21 

29 

13 

9 

21 

31 

17 

Average 

8.1 

18.75 

28.95  12.75 

8.15 

18.65 

29.15 

14.5 

Whole  sale  price 

index; 

United  States  9 

22 

13.7 

5.2 

10 

16 

12.0 

7.6 

United  Kingdom7 

27 

19.2 

5.8 

7 

14 

18.6 

9.2 

Soiirce:  Instability  In  Expert  Markets  of  Underdeveloped  Countries, 
op.  cit.  p.  17. 

61 

Increase  from  the  lower  point  measured  as  a  percentage  of  the 

higher  point. 
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average  year-to-year  variation  of  14.5656;  which  means  that  much  of  the 
year-to-year  price  variations  arise  from  the  cyclical  movements  in 
prices.  For  a  comparison  of  the  amplitude  of  these  cycles,  we  give  at 
the  end  of  [Dable  1.2  an  analysis  of  the  cycles  of  wholesale  price 
Indexes  of  the  United  States  and  the  United  Kingdom.  We  see  that  the 
amplitude  of  these  cycles  is  about  half  those  of  primary  commodities, 
and  so  is  the  rate  of  change  per  year.  Therefore,  we  see  that  the  price 
fluctuations  in  primary  coonodltles  are  twice  as  high  as  variations  in 
the  normal  price  cycle. 

Prices  are  not  the  only  source  of  Instability  of  primary  producing 
countries.  The  volume  of  output  of  these  products  is  also  subject  to 
large  variations.  In  fact,  their  variation  is  greater  than  that  of 
prices.  In  Table  1.3>  we  give  the  year-to-year  fluctuations  in  the 
export  volume  of  ten  important  prime  y  commodities,  broken  down  by 
major  producer  countries  of  the  products.  The  extent  of  annual  change 
is  given,  as  before,  as  a  percentage  of  the  higher  value.  The  average 
for  each  commodity  has  been  calculated  by  wfeightlng  according  to  the 
exports  of  the  underdeveloped  country.  For  the  ten  commodities,  we 
see  that  with  the  exception  of  coffee  and  sugar,  the  fluctuations  in 
volume  were  greater  thsui  the  year-to-year  fluctuations  in  price.  The 
average  fluctuation  in  volume  was  around  while  that  of  prices  was 
around  so  that  it  may  be  said  that  on  the  average  the  fluctu¬ 

ations  in  volume  were  greater  than  those  of  price. 

Another  characteristic  of  the  volume  variations  is  the  great 
diversity  between  different  countries  producing  the  seuoe  product.  For 
instance,  in  the  case  of  cotton,  fluctuation  in  the  eaq^ort  volume  of 
Brazil  was  46.0j(,  as  compared  to  l4.2^  of  Egypt. 
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TABLE  1.5 


YEAR-TO-YEAR  FLUCTUATIONS  IN  EXPORT  VOLUME 
(Average  Percentage  Fluctuations  Per  Y-ear) 


Commodity 

Period 

Year-torYear 

and  Country: 

Covered 

Fluctuations 

Cocoa: 

Brazil 

1910-1950 

16.0 

Gold  Coast  (Ghana) 

1910-1950 

16.2 

Trinidad  and  Tobago 

1910-1950 

22.8 

Average 

16.7 

Coffee: 

Brazil 

1902-1950 

16.4 

Other  Coimtries 

1902-1950 

8.3 

Average 

12.4 

Copper: 

Chile 

1902-1950 

16.1 

Mexico 

1902-1950 

18.5 

Peru 

1902-1950 

11.9 

Average 

16.3 

Cotton: 

Brazil 

190I+.195O 

46.0 

China 

1904-1944 

28.9 

Egypt 

1904-1950 

14.2 

India  and  Pakistan 

1904-1950 

22.5 

Peru 

1905-1950 

20.1 

Average 

21.3 

Rubber: 

Indonesia 

1911-1950 

28.6 

Malaya 

1906-1946 

29.4 

Average 

29.0 

Sodium  Nitrate: 

Chile 

1914-1950 

22.2 

Tea: 

Ceylon 

1910-1950 

5.6 

China 

1910-1950 

21.5 

India  and  Pakistan 

1910-1950 

9.7 

Average 

10.3 
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Commodity 

TABLE  1.3 

(Cont. ) 

Period 

Year-to-Year 

and  Country: 

Covered 

Fluctuations 

Tin; 

Belgi\jm-Congo 

1917-1950 

25.9 

Bolivia 

1902-1950 

11.1 

Indonesia 

1902-1950 

19.6 

Malaya 

1902-1950 

18.0 

Nigeria 

I90I+-I95O 

21.2 

Thailand 

1902-1950 

15.7 

Average 

17.5 

Tobacco: 

Algeria 

1902-1950 

22.6 

Indonesia 

1902-1938 

15.7 

Philippines 

1904-1950 

12.4 

Average 

1^ 

Sugar: 

Cuba 

1905-1950 

17.0 

Indonesia 

1902-1950 

17.2 

Mauritius 

1902-1950 

17.9 

Philippines 

1902-1950 

25.4 

Average 

18.3 

Average  of  10  Commodities  17«98 


Sour ce :  Instability  in  Export  Markets  of  Underdeveloped 
Countries,  op.  clt.,  p.  JO  and  Jl. 

^Measured  as  a  percentage  of  the  higher  value. 
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Ihe  United  Nations  study  on  export  markets  of  primary  commodities 
also  gives  an  analysis  of  the  cyclical  movements  of  volume  of  exports 
of  some  commodities.^^  The  average  duration  of  each  phase  of  the  cycle 
is  found  to  he  under  two  years,  and  the  eunplitude  of  the  cycles  around 
27.5^,  so  that  on  the  average  these  cycles  are  of  shorter  duration  and 
smaller  amplitude  than  the  price  cycles. 

A  detailed  study  of  the  relation  between  price  and  volume  cycles, 
we  believe,  should  form  the  basis  of  an  interesting  study.  No  detailed 
analysis,  as  far  as  we  know,  has  been  conducted  to  determine  the  rela¬ 
tion  between  these  cycles. 

A  more  direct  attempt  to  trace  the  correlation  between  year-to-year 
price  volume  gives  some  interesting,  though  inconclusive,  evidence.  We 
give  the  correlations  for  I8  cozimoditles  in  Table  1.4,  Of  the  I8 
products,  5  showed  a  significant  positive  correlation,  while  2  showed 
a  negative  correlation,  but  the  majority  of  the  commodities  did  not 
suggest  a  significant  relation  in  either  direction.  Though  these  results 
are  inconclusive,  there  is,  however,  an  interesting  relation  between 
industrial  raw  material  and  foodstuffs,  which  merits  further  study.  All 
the  correlations  for  industrial  raw  materials  tend  to  be  positive  and 
greater  than  the  correlations  for  foodstuffs,  which  are  negatively 
correlated.  This  tends  to  suggest  the  following  hypothesis;  In  the 
case  of  industrial  raw  material,  prices  and  volume  move  in  the  same 
direction,  which  would  be  true  if  they  are  governed  by  changes  in  demand, 
while  a  negative  correlation  between  prices  and  volume  would  mean  that  0 


— '  Instability  in 


ort  MEirketB  of  Under-developed  Countries,  op.  cit.. 
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TABLE  1.1^ 


Kevap 

Copper 

Tin 

PetroleiM 

Wool 

Jute 

Cotton 

Rubber 

S\igar 


Countries. 


CORRELATION  BETWEEN  YEAR-TO-YEAR  FLUCTUATIONS  IN 
PRICE  AND  VOLUME 


+0.598 

Wheat 

-0.041 

+0.1481 

Silk 

-0.065 

+0.254 

Sodium  Nitrate 

-0.096 

+0.110 

Tobacco 

-0.0976 

+0.089 

Coffee 

-0.146 

+0.0065 

Tea 

-0.151 

-.00145 

Cocoa 

-0.196 

-.00288 

Rice 

-0.308 

-0.0349 

Linseed 

-0.4204 

Sotirce;  Instability  In  Expert  Markets  of  Underdeveloped 
op.  clt.^  p. 
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prices  and  volume  move  in  opposite  directions,  which  could  arise  If  the 
fluctuations  occurred  as  a  result  of  changes  In  supply  as  caused  hy  good 
and  had  harvests.  Or  this  suggests  the  reasonable  hypothesis  that  fluc¬ 
tuations  in  industrial  raw  material  is  caused  by  changes  in  demand, 
while  those  in  foodstuffs  by  changes  in  supply. 

However,  we  have  not  yet  any  reason  to  believe  that  there  is  any 
relation  between  movements  in  prices  and  voliune.  That  their  combined 
effect  on  export  earnings  lias  not  been  to  counterbalance  one  another  is 
seen  from  the  analysis  of  the  fluctuations  in  export  proceeds  from 
primary  production.  In  Table  1.5,  we  give  the  year-to-year  fluctuations 
of  the  export  earning  of  15  underdeveloped  countries,  broken  down  into 
major  export  commodities.  The  extent  of  fluctuation  is  measured  as 
before.  The  average  fluctuation  of  the  proceeds  is  23.8856,  higher  than 
the  average  year-to-year  fluctuations  of  both  prices  and  volume.  Thus 
there  is  no  tendency  of  the  price  and  volume  fluctuations  to  counter¬ 
balance  one  another,  not  do  they  synchronize  perfectly;  for  if  this 
were  so,  the  extent  of  the  fluctuations  in  export  proceeds  would  be  much 
greater.  Also,  in  the  study  of  cycles  of  export  proceeds,  the  United 
Nations  study  finds  the  fluctuations  greater  than  those  of  price  and 
volume  cycles. 

These  fluctuations  in  export  proceeds  are  of  special  significance 
for  the  underdeveloped  countries  producing  them,  because  of  the  large 
size  of  the  primary  producing  sector  of  the  economy  and  because  of  the 
great  dependence  of  these  countries  on  foreign  trade.  The  percentage 
of  foreign  trade  (exports  +  imports)  to  total  flow  of  resources 


w 


Ibid.. 


p.  Ik. 
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TABLE  1.5 


YEAR-TO-YEAR  FLUCTUATIONS  IN  EXPORT  PROCEEDS  BY  . COUNTRIES 
(Average  Percentage  Fluctuations  Per  Year) 


Commodity 

Period 

Year-to-Year 

and  Coiintry 

Covered 

Fluctuations^ 

Algeria: 

Tobacco 

1902-1950 

22.9 

Belgium- 

Tin 

1917-1950 

30.9 

Congo 

18.4 

Bolivia: 

Tin 

1902-1950 

Brazil: 

Cotton 

1904-1950 

40.5 

Coffee 

1902-1950 

19.1 

Cocoa 

1910-1950 

16.4 

Average 

24.6 

Ceylon: 

Tea 

1910-1950 

12.3 

Chile: 

Sodium  Nitrate 

1914-1950 

22.2 

Copper 

1902-1950 

20.8 

Average 

21.3 

Cuba: 

Egypt: 

Sugar 

Cotton 

1903- 1950 

1904- 1950 

21.3 

19.5 

Gold  Coast: Cocoa 

1910-1950 

20.3 

Indonesia: 

Rubber 

1911-1950 

35.3 

Tin 

1902-1950 

25.9 

Sugar 

1902-1950 

24.2 

Tobacco 

1902-1938 

16.4 

Average 

29.0 

Malaya: 

Rubber 

1906-1949 

36.5 

Tin 

1902-1950 

26.5 

Average 

33.6 

Mauritius: 

Sugar 

1902-1950 

24.1 

Nigeria: 

Tin 

1904-1950 

28.1 

Peru: 

Cotton 

1905-1950 

26.5 

Copper 

1902-1950 

19.0 

Average 

26.4 

Trinidad- 
and  Tobago 

Cocoa 

1910-1950 

25.5 

Average  for  all 

Countries 

23.88 

Sotirce:  Instability  In  Expert  Proceeds 

of  Under-Developed 

Countries, 

op.  cit.,  p.  45. 

^ear-to-year  changes  measured  as  a  percentage  of  the  higher 

value 
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(gross  domestic  product  +  imports)  for  South  Rhodesia  is  as  high  as  68^, 
for  Belgium  Congo,  57)6;  for  Ceylon  55)6»"^  This  great  dependence  on 
foreign  trade  and  economic  backwardness  makes  the  primary  goods-produc- 
ing  underdeveloped  countries  especially  vulnerable  to  violent  fluctuations. 

The  effect  of  these  fluctuations  is  more  serious  to  those  primary 
producing  countries  specializing  in  a  few  products.  They  cannot  rely 
on  the  avereiglng  of  price  movements  of  many  products.  Such  conditions 
axe  found  to  be  true  in  countries  such  as  Cuba,  which  depends  on  sugar, 
Ceylon  on  tea,  Malaya  on  rubber  and  tin,  Bolivia  on  tin.  The  direct 
losses  arising  from  fluctuations  both  in  the  primary  goods -producing 
sector  and  the  rest  of  the  economy  will  be  discussed  in  Chapter  3. 

Inflation  is  a  very  common  characteristic  of  these  underdeveloped 
countries.  The  United  Nations  study  observes  that  inflationary  pressure 
is  present  both  during  an  upswing  and  during  the  downswing.  "It  is  a 
notorious  fact  that  boom  conditions  in  primary  product  markets  tend  to 
Induce  powerful  Inflationary  pressures  in  the  economies  of  these 
countries....  Paradoxically,  underdeveloped  countries  often  also  exper¬ 
ience  inflation  when  foreign  demand  for  their  exports  is  in  severe 
decline. 

The  non-economic  consequence-,  of  these  fluctuations  on  the  under¬ 
developed  countries  are  not  insignificant.  We  note  the  following  remarks 
by  Wendall  C.  Gordon;  "Violent  fluctuation  in  sugar  prices  was  a  major 
cause  of  the  revolution  in  Cuba  in  the  early  thirties.  Violent 

w 


Commodity  Trade  emd  Economic  Development,  op.  cit.,  p.  8. 


fluctuations  In  the  coffee  prices  were  a  major  cause  of  the  revolution 
In  Brazil  In  1930.  ..iV 

As  to  the  future  of  the  fluctuations,  we  agree  with  the  United 
Nations  report  when  It  says,  "There  Is  no  reason  to  think  that  the 
Instability  of  commodity  prices  will  disappear  of  Itself.  In  other 
words,  we  reject  the  view  that  fluctuations  since  1929  have  been  due  to 
special  causes  -  the  great  depression,  the  war  and  Its  aftermath,  Korean 
hostilities  -  which  are  never  likely  to  occur,  and  In  the  absence  of 
which  stability  would  be  easily  and  naturally  achieved. 

That  these  violent  fluctuations  are  still  with  us  and  need  solution 
is  also  recognized  by  Professor  Hirschman,  when  he  says,  "PLuctuations 
in  commodity  prices  are  still  with  us;  In  fact,  they  appear  to  be  at 
this  writing  the  one  international  economic  problem  which  the  Western 

x6/ 

world  has  not  even  begun  to  solve." — •'  The  existence  of  the  problem 
and  the  need  for  a  solution  were  also  noted  by  Dr.  Singer  at  the  con¬ 
clusion  of  the  second  Kyklos  Symposium,  when  he  said,  "Everybody 
concerned  with  the  second  symposium  -  and  for  that  matter,  the  first 
symposium  as  well  -  agrees  that  in  the  stabilization  of  the  export 
markets  of  underdeveloped  countries  we  have  a  big  unsolved  problem. 

They  further  agree  that  we  have  perhaps  made  lees  progress  towards  the 
solution  of  this  problem  than  with  any  other  major  problem  of  our  day. 


Wendall  C.  Gordon,  The  Economy  of  Latin  America,  (New  York:  Colum¬ 
bia  University  Press,  1950 ). 

15/ 

Commodity  Trade  and  Economic  Development,  op.  clt.,  p.  12. 

^  Hirschman,  A.  0.,  "Primary  Products  and  Substitutes;  Should 
Technological  Progress  be  Policied, "  Symposium  2,  Kyklos,  Vol.  12,  1959, 
Jtisc.  3,  p*  35^. 
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They  agree  that  there  Is  need  for  fresh  thinking,  for  a  fresh  approach 
to  the  problem.  ..11/ 


1,3  The  Problem. 

Economic  policy  towards  the  stabilization  of  fluctuations  in 
primary  production  could  take  many  different  forms.  International 
committees  which  have  studied  this  problem  have  suggested  many  such 
direct  economic  policies,  both  at  the  national  and  international  levels, 
towards  the  stabilization  of  primary  producing  underdeveloped  countries. 
Our  problem  is  to  look  for  a  solution  through  the  diversification  of 
Investments.  To  put  it  in  another  way,  the  purpose  of  our  study  is  to 
determine  a  rational  basis  for  allocation  of  investment  in  a  primary 
producing  underdeveloped  coimtry,  taking  the  fluctuations  in  the  export 
markets  into  special  recognition. 

I!he  problem  indeed  is  a  very  real  one.  It  must  confront  the 
economic  planners  of  all  the  primary  producing  countries.  It  must, 
for  instance,  have  confronted  the  planning  secretariat  of  Ceylon  in  the 
formulation  of  the  ten-year  plan  (1959-1968).  This  plan  hopes  to 
allocate  roughly  equal  amounts  of  capital  in  the  next  ten-year  period  to 
the  expansion  of ^primary  production  as  to  the  development  of  industries.— 
However,  it  is  not  clear  from  the  report  of  the  plan  how  this  decision 
was  reached.  Hiere  has  been  no  attempt  made  so  feu:,  to  determine  a 
rational  basis  for  finding  how  much  Investment  is  to  allocated  to 


Ease. 

1^ 

Press 


Singer,  H.  W.,  "Epilogue,*'  Symposium  2,  Kyklos,  Vol.  12,  1959, 

,  3,  p.  400. 

National  Planning  Council,  Ihe  Ten-Year  Plan,  (Ceylon:  Government 
,  1959) .  . 
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manufacturing  industries,  how  much  to  he  allocated  to  the  expansion  of 
existing  primary  product  industries  and  how  much  to  the  starting  of  new 
primary  industries.  The  main  purpose  of  our  dissertation  is  the  auialysls 
of  this  problem. 

The  discussion  of  this  main  problem  raises  further  subsidiary 
problems.  There  is  the  need  for  an  economic  model  for  a  primary  pro¬ 
ducing  country.  Before  any  investment  policy  for  the  whole  economy 
could  be  discussed,  it  is  necessary  to  see  how  these  fluctuations  that 
arise  in  the  primary  producing  sector  affect  the  rest  of  the  economy. 
Also,  it  is  necessary  to  determine  the  nature  of  the  economic  losses 
that  these  fluctuations  bring  about,  not  only  in  the  primary  goods 
sectors,  but  also  the  indirect  losses  that  are  induced  in  the  rest  of 
the  economy. 

The  particular  allocation  problem  also  raises  two  interesting 
subsidiary  problems?  First,  there  is  the  question  of  an  allocation 
theory  for  underdeveloped  countries,  which  has  not  been  solved  to 
everyone's  satisfaction,  and  there  is  the  question  of  allocation  under 
uncertainty. 

We  do  not  intend  treating  very  extensively  all  these  rather 
difficult  problems;  however,  we  shall  deal  briefly  with  each  of  these 
problems  as  they  arise  in  relation  to  our  main  problem. 

1.4  Plan  of  Dissertation  and  Summary. 

Before  the  formal  model  of  the  economy  is  discussed  in  Chapter 
we  consider  it  important  that  the  historical  setting  and  the  institu¬ 
tional  structure  of  underdeveloped  countries  be  considered.  Ihls  we  do 
in  Chapter  2  of  this  study.  It  is  our  purpose  in  this  chapter  to  show 


IT 


the  dual  character  of  the  type  of  economies  that  we  intend  studying, 
and  some  of  the  special  economic  institutions  that  characterize  such 
economies.  The  case  of  Ceylon  is  considered  as  a  typical  primary 
producing  country.  A  brief  sketch  of  her  history  is  considered,  to  see 
the  origin  and  character  of  the  dualist  nature  of  these  countries; 
further,  also  to  see  some  of  the  basic  assumptions  of  the  model  that 
are  to  be  made  in  the  next  chapter. 

In  Chapter  the  formal  model  is  discussed.  The  economy  is 
divided  into  three  sectors,  which  we  shall  call  export,  domestic  manu¬ 
facturing,  and  subsidiary.  The  export  sector  is  the  primary  commodity- 
producing  sector;  the  product  of  this  sector  is  for  export  and  is 
characterized  by  fluctuations  in  price,  output,  and  proceeds  of  the 
sector.  The  domestic  manufacturing  sector  is  that  which  produces  manu¬ 
facturing  goods  for  domestic  consumption.  The  subsidiary  sector, 
constituting: '  the  rest  of  the  economy,  is  characterized  by  its  pre¬ 
capitalist  nature.  In  discussing  the  working  of  the  model,  we  determine 
the  effect  of  the  fluctuation  arising  in  the  export  sector  on  the  other 
sectors  of  the  economy.  We  conclude  this  chapter  by  discussing  the 
nature  of  the  losses  arising  in  the  economy  as  a  result  of  the  fluc¬ 
tuations  originating  from  the  export  sector. 

The  rest  of  the  dissertation  is  devoted  to  the  problem  of  allocation 
of  resources.  We  begin  Chapter  4  with  a  discussion  on  the  problem  of 
allocation  of  resources  in  underdeveloped  countries.  We  then  develop 
a  logical  basis,  by  extending  some  results  of  Chenery  and  Tinbergen,  for 
the  analysis  of  the  problem  at  hand.  With  the  logical  framework  deter¬ 
mined,  we  discuss  the  rational  procedure  for  the  eillocation  of  resources 

between  the  domestic  manufacturing  and  the  export  sectors. 
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Chapters  5  and  6  are  devoted  to  the  problem  of  allocation  of 
resources  within  these  two  sectors  of  the  economy.  For  the  analysis  of 
these  problems,  techniques  of  progrsjmning  under  uncertainty  are  used. 

We  start  Chapter  5  with  a  discussion  of  the  general  problem  of  pro¬ 
gramming  under  uncertainty  before  going  on  to  the  specific  problem; 
we  discuss  and  modify  some  results  of  Madansky  with  regard  to  the 
general  problem.  Ihe  rest  of  Chapter  5  is  devoted  to  the  problem  of 
diversifying  the  export  sector;  the  'optimum'  combination  of  different 
primary  products. 

Chapter  6  is  devoted  to  the  problem  of  allocation  among  different 
Industries  in  the  domestic  manufacturing  sector.  As  mentioned  before, 
the  characteristic  of  this  sector  is  the  fluctuation  in  the  demand  for 
the  products,  arising  from  fluctuations  in  the  export  sector.  Here  we 
discuss  the  problem  of  allocation  of  investment  among  different  indus¬ 
tries  when  the  demand  for  the  proauct  is  subject  to  random  fluctuations. 
In  the  final  part  of  this  chapter  we  extend  the  above  results  to  the 
case  of  an  inter- Industry  model  in  taking  into  consideration  the 
possibility  of  the  output  of  the  industries  being  used  in  the  pro¬ 
duction  of  other  commodities. 
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CHAPTES  2 


HISTORICAL  SETTING  AND  THE  INSTITUTIONAL  STRUCTURE 


2.1  Introduction; 

In  the  analysis  of  economic  systems  the  study  of  the  economic 
Institutions  of  the  particular  system  Is  very  fundamental.  An  economic 
theory  cannot  be  considered  a  theory  of  a  particular  economic  system  If 
the  Institutions  of  the  system  are  such,  that  the  premises  of  the  theory 
are  not  satisfied.  As  Boeke  remarks,  "Every  economic  system  has  Its 
own  economic  theory.  A  social  economic  theory  Is  always  the  theory  of 
special  social  systems.  Even  If  It  announces  Itself  as  a  general  theory 
still  It  Is  historically  determined."^ 

In  the  search  for  an  economic  theory  for  the  underdeveloped 
countries  of  today,  we  find  economic  theorists  looking  In  two  directions. 
First  there  are  the  economic  theorists  who  look  to  neo-classical 
theories,  which  they  believe,  by  the  proper  modification  can  be  extended 
Into  an  economic  theory  of  the  underdeveloped  countries  of  today.  A 
recent  book  on  economic  development  Is  called,  Keynesian  Theory  of 
Economic  Development.  It  Is  the  basic  assiunptlon  of  these  economists, 
that  the  economic  structure  and  the  economic  Institutions  of  the  imder- 
developed  countries,  though  not  Identical,  are  similar  to  those  of  the 
mature  capitalist  countries.  Secondly,  there  are  the  economists  who 
look  to  the  writings  of  the  classical  economists  In  search  of  such  a 


Boeke,  J.  H.,  Economics  and  Economic  Policy  of  Dual  Societies;  As 


Exemplified  by  Indonesia,  (New  York: Institute  of  Pacific  Relations, 
1953),  p.  if. 
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theory.  These  economists  believe  that  the  economic  structure  of  the 
contenporary  underdeveloped  countries  are  similar  to  those  economies 
that  confronted  the  classical  economists  -  Europe  at  the  time  of  the 
industrial  revolution. 

Undoubtedly,  in  the  contemporary  underdeveloped  countries,  there  is 
much  that  is  common  with  pre-capitalism  and  early  capitalism,  but  there 
is  also  much  that  is  different.  This  major  difference  is  due  to  the 
fact  that  these  countries  have  existed  side  by  side  with  the  mature 
capitalist  countries  for  quite  a  long  time.  Most  of  the  underdeveloped 
countries  of  today, have,'  at  some  time  of  their  history,  been  dominated 
politically  or  economically  by  the  mature  capitalist  countries,  and 
there  has  always  been  trade  between  these  countries.  These  contacts 
have  resulted  in  the  transplantation  of  some  of  the  economic  institutions 
of  the  mature  capitalist  countries.  The  casual  visitor  to  the  under¬ 
developed  countries  is  often  struck  by  the  multitude  of  techniques  of 
production  and  economic  institutions  that  co-exist  and  compete  with 
one  another.  In  transportation,  for  instance,  one  sees  that  the  most 
primitive  methods,  coexisting  with  the  most  technically  advanced  and 
the  whole  spectrum  in  between;  comparable  to  a  museum  of  technological 
history. 

2 

Boeke  refers  to  such  societies  as  dual  societies.  He  also  uses 
the  term  plural  society  when  more  than  two  such  distinct  social  systems 
coexist.  The  concept  of  dual  and  plure^  societies  as  used  by  Boeke  has 

^  Ibid. 
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often  been  mis  Interpreted  .■»  He  qualifies  the  term  "by  reserving  it 
for  societies  showing  a  distinct  cleavage  of  tvo  synchronic  and  full 
grown  social  styles  which  in  the  normal,  historical  evolution  of  homo¬ 
geneous  societies  are  separated  from  each  other  by  transitional  forms, 
as,  for  instance,  precapitalism  and  high  capitalism  by  early  capitalism, 
and  which  there  do  not  coincide  as  contemporary  dominating  features."^ 
A  society  which  is  in  the  process  of  transition  from  precapitalism  to 
capitalism,  or  as  he  says  when  "late  capitalistic  society  is  gradually 


superseded  by  a  socialistic  system  tliat  has  grown  up  internally,"  he 
considers  as  homogeneous  rather  than  a  dual  society.'^ 


^  Wnr  •Rprijamin  Wiggins  in  Economic  Development,  (New  York: 

Norton  &  Co.,  Inc.,  1959)>  says,  "there  can  be  no  question  about  the 
phenomenon  of  dualism;  it  is  one  of  the  distinguishing  features  of  under¬ 
developed  countries.  Virtually  all  of  them  have  two  clearly  differen- 
ciated  sectors:  one  confined  mainly  to  peasant  agriculture  and  handi¬ 
crafts  or  very  small  industry,  and  the  trading  activities  associated 
with  them;  the  other  consisting  of  plantations,  mines,  petroleum  fields 
and  refineries,  large-scele  indizstries,  and  the  transport  and  trading 
activities  associated  with  these  operations.  Levels  of  technique, 
productivity,  and  income  are  low  in  the  first  sector  and  high  in  the 
second."  Having  thus  recognised  the  existence  of  dualism,  he  goes  on 
to  say,  "He  (Boeke)  thought  it  had  to  do  with  the  nature  of  society,  if 
not  the  people  themselves.  As  we  will  see  below,  dualism  is  more 
readily  explained  in  economic  and  technological  terms;  and  this  expla¬ 
nation  withstands  scrutiny  better  than  Boeke 's  sociological  explanation. 
It  is  well  such  is  the  case;  for  if  Boeke  were  right,  ^1  our  efforts 
to  produce  a  take-off  into  sustained  growth  in  underdeveloped  countries 
through  vigorous  development  programs  supported  by  technical  and 
capital  asslstence  from  the  West  would  be  in  vain."  It  is  apparent  from 
the  above,  that  Higgins  falls  to  recognise  the  difference  between 
feudalist  and  capitalist  social  structures  that  Boeke  empliaslses  so  much. 
Perhaps  Boeke  is  right  that  unless  the  feudal  social  stzoicture  of  this 
sector  does  not  chsuige,  'capital  asslstence  from  the  West  would  be 
InArain. ' 


•"  In  a  recent  paper.  Dale  W.  Jorgenson,  (The  Development  of  Dual 
Economy,"  Economic  Journal.  June  1961,  pp.  509-55^),  uses  the  term  dual 
economy  in  considering  a  model  for  the  transition  from  precapitalism  to 
capitalism.  Clearly  this  is  not  the  sense  in  which  Boeke  used  this  term, 
as  is  apparent  from  the  above  quotation. 
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The  origin  of  dual  societies  is  not  social  evolution.  Boeke  nakes 
the  following  remarks  as  to  its  origin,  "one  of  the  prevailing  systems, 
as  a  matter  of  fact  always  the  most  advanced,  will  have  been  imported 
from  abroad  and  have  gained  its  existence  in  the  new  environment  without 
being  able  to  oust  or  to  assimilate  the  divergent  social  system  that 
has  grown  up  there,  with  the  result  that  neither  of  them  becomes  general 
and  characteristic  of  that  society  as  a  whole.  Without  doubt  the  most 
frequent  form  of  social  dxielism  is  to  be  found  there  where  an  imported 
western  capitalism  has  penetrated  into  a  precapitalist  agrarian  commun¬ 
ity  and  where  the  original  social  system — be  it  not  undamaged— has  been 
able  to  hold  its  own  or,  expressed  in  opposite  terms,  has  not  been  able 
to  adopt  the  capitalistic  principles  and  put  them  into  full  practice."^ 
The  inability  of  the  two  divergent  social  systems  to  assimilate  is  an 
Important  characteristic  of  social  dualism. 

Economic  structure  and  institutions  vary  widely  among  different 
underdeveloped  countries.  However,  there  are  groups  of  luaderdeveloped 
countries  which  have  had  similar  economic  histories  and  are  having 
similar  economic  institutions.  It  is  one  such  group  of  underdeveloped 
countries,  showing  prominent  dualistic  cliaracteristlcs,  that  we  Intend 
analysing.  These  are  the  countries  in  which  the  Influence  of  western 
capiteilism  has  resulted  in  the  production  of  primary  commodities  with¬ 
out  changing  the  socled  fabric  of  the  Indigenous  population. 

Before  discussing  the  formal  model  of  such  an  economy  in  the  next 
chapter,  we  shall  discuss  the  dualistic  character  and  its  historical 

Boeke,  op«  cit.,  p.  4. 
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origin  together  with  other  basic  economic  institutions  of  one  such 
country,  Ceylon.  The  case  of  Ceylon  is  not  unique;  the  historical 
pattern  of  the  development  of  its  capitalist  sector  is  common  to  many 
primary  producing  countries.  Countries  such  as  Indonesia,  Malaya  and 
many  of  the  Central  and  South  American  countries  have  a  very  similar 
economic  structure. 


2.2  case  of  Ceylon. 

2.2.1  Export  Sector  and  its  Origin;  The  entry  of  British  capitalists 
to  a  feudal  Ceylon  goes  quite  far  back.  It  was  not  long  after  the 
conquest  of  the  whole  island  that  the  British  capitalists  realised  the 
profitability  of  the  plantations.  The  Kingdom  of  Kandy  was  annexed  in 
1815,  and  the  first  coffee  plantations  were  started  in  I825.  The  capi¬ 
talists  had  all  the  encouragement  and  help  from  the  new  government  of 
the  country.  In  the  early  stages  the  land  was  given  free  for  the 
plantations  and  even  later  only  a  small  fee  of  five  shilling  was  charged 
per  acre.  The  legislation  necessary  for  obtaining  the  land  was  very 
willingly  enacted  by  the  government.^  This  early  legislation  also  had 


-<  "If  there  was  any  doubt  of  the  Crown's  title  to  lands  so  lavishly 
disposed  to  colonists  from  England,  such  doubts  were  soon  resolved  by  a 
law  passed  in  l8if0 — the  Crown  Lands  (Encroachments)  Ordinance,  No.  12  of 
l84o.  Under  this  law  it  was  declared  that;  all  forests,  waste,  unoc¬ 
cupied  or  uncultivated  land  was  presumed  to  be  the  property  of  the  Crown 
until  the  contrary  was  proved, ....  in  the  country  chenas  and  other  land 
which  can  only  be  cultivated  after  intervals  of  several  years,  shall  be 
deemed  to  be  forests  of  waste  lands,  l.e.,  shall  be  presumed  to  be  the 
property  of  the  Crown  until  the  contrary  be  proved.... 

Further  accretions  of  land  to  the  Crown  resulted  from  the  operation 
of  the  Registration  of  Temple  Lands  Ordinance,  No.  10  of  I856.... 

This  was  followed  by  the  Waste  Lands  Ordinance,  No.  1  of  1897,  which 
gave  the  Crown  the  facility  of  declaring  vast  tracts  of  the  country  as 
Crown  land..."  Ceylon  Government,  Sessional  Papers  XVIII  of  19?1:  Report 
of  the  Kandyan  Peasantry  Connission,  (Colgnbo;  Government  Press,  1951 ; , 
pp.  71-72. 
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its  impact  on  the  social  structure.  With  the  removal  of  much  of  the 
land  and  the  feudal  services,  the  feudal  lords  were  deprived  much  of 
their  previous  power  and  role  in  society.  The  advantage  of  this  to  the 
peasantry,  as  we  shall  see,  was  very  little.  To  the  capitalists  this 
was  both  a  source  of  land  and  of  labor. 

The  rate  of  Investment  in  this  early  period  was  very  high.  "The 
mountain  ranges  on  all  sides  of  Kandy  became  rapidly  covered  with 
plantations.  It  was  estimated  that  5,000,000  were  invested  between 
1857  to  1845.  Capitalists  from  England  arrived  by  every  packet...."^ 
After  a  minor  set  back  due  to  the  depression  of  l847  the  coffee  Industry 
recovered  again  by  1855-  coffee  Industry  reached  its  peak  in 

Ceylon  about  I868;  the  Industry  was  to  soon  completely  disappear  from 
the  Island.  A  coffee  blight  which  appeared  in  1868  reduced  the  area 
under  cultivation  by  1870  to  about  a  third.  Soon  the  Industry  com¬ 
pletely  disappeared  from  Ceylon.  The  area  under  coffee  now  is  less 
than  200  acres.  The  short  history  of  the  coffee  Industry  shows  well 
the  basic  characteristics  of  a  capitalist  Industry.  The  rapid  expan¬ 
sion  of  the  industry  once  the  innovation  proves  successful,  and  the 
sensitivity  of  the  Industry  to  the  business  cycle  are  well  seen  in  its 
history.  The  remarkable  recovery  of  the  plantation  industry  after  this 
great  disaster  also  shows  the  Ingenuity  of  a  capitalist  enterprise. 

After  experimenting  with  a  few  other  crops,  all  of  them  foreign  to 
the  country,  tea  and  rubber  were  finally  Introduced  in  place  of  coffee. 

^  Sir  J.  E.  Tennent,  Ceylon  an  Account  of  the  Island,  Vol.  2, 

(London;  Longman,  Green,  Longman,  and  Roberts,  1859),  pp.  230-251. 
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The  development  of  the  tea  industry,  once  it  was  proved  successful, 
was  again  very  rapid.  In  1873  the  area  under  tea  cultivation  was  only 
200  acres,  hut  hy  I890  it  had  gone  up  to  220,000  acres,  and  hy  1903  it 
had  gone  up  to  4o6,000  acres  which  constituted  about  5^5^  of  the  total 
e:q>orts  of  the  island,  and  also  a  major  producer  in  the  world.  Rubber, 
which  became  the  second  largest  export  product  of  Ceylon,  was  introduced 
about  the  same  time  as  tea;  again  the  sensitivity  of  the  industry  to 
profits  was  very  high.  When  profits  went  up,  the  investments  in  the 
industry  correspondingly  went  up,  showing  the  capitalist  nature  of  the 
industry.  The  rapid  rise  of  the  plantation  industry  in  Ceylon  can  be 
seen  from  Table  2.1. 

Almost  all  the  capital,  for  the  investments  in  the  plantations 
came  from  England;  however,  there  was  also  a  small  group  of  Ceylonese 
capitalists  who  followed  the  British.  The  supply  of  capital  was  never 
a  problem,  the  British  banks  and  their  branches  which  were  established 
in  Ceylon  by  this  time  were  alwsQrs  ready  to  lend  to  rising  and  pros¬ 
perous  plantation  industry. 

The  labor  from  the  villages  and  those  left  landless  by  the 
plantations  were  not  sufficient  in  the  early  stages  to  prevent  wages 
from  rising.  "At  the  beginning  high  wages  had  to  be  offered  to  attract 
labor  to  the  estates.  The  English  however  were  not  confined  by  the 
limits  of  Ceylon  in  their  search  for  cheap  labor.  A  plentiful  supply 
was  available  in  the  neighbouring  possessions  of  India. Thus  as 
in  the  case  of  Malaya,  British  Guiana  and  Trinidad,  Indentured  labor 
came  to  be  Introduced  into  Ceylon.  Eventually  the  major  proportion  of 

^  Sessional  Papers  XVIII,  op.  cit,,  p.  71* 
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labor  in  the  plantations  turned  out  to  he  Indian  immigrant  labor.  Native 
labor  as  Table  2.2  shows  was  always  available,  though  short  In  some 
periods.  The  surplus  labor,^^  In  more  recent  times  has  reached  very 
large  proportions. 

Besides  being  cheaper,  there  are  other  reasons  for  the  preference 
of  Indian  labor  by  the  British  caplteQ-ists .  Labor  away  from  home  and 
having  nothing  except  their  labor  to  sell  comes  much  closer  to  an  indus¬ 
trial  proletariat  than  native  labor,  who  often  had  some  ties  with  the 
old  village.  Again  the  Government  of  the  country  was  very  cooperative 
in  the  bringing  of  Indentured  J^bor  from  India. Thixs  much  of  the 
labor  force  came  very  close  to  an  industrial  labor  force j  and  therefore 
we  find  that  in  the  case  of  labor  market  too,  the  plantation  Industry 
has  close  resemblance  to  a  capitalist  Industry. 

There  were  other  aspects  of  the  Industry  which  showed  its  capi¬ 
talist  nature.  The  organisation  and  the  methods  of  production  and 
cultivation  were  often  excellent.  Research  into  better  types  of  plants 


— '  The  estimates  of  surplus  population  of  Dr.  Sarkar  are  based  on  the 
following  two  basic  assumptions,  (a)  'as  believed  by  the  Agriculture 
Department  of  the  Government  of  Ceylon  that  8  acres  of  land  is  adequate 
for  a  peasant  family  of  4  or  5  persons  to  produce  an  Income  which  will 
ensure  it  a  standard  of  living  which  its  members  are  accustomed. '  And 
(b)  '10  per  cent  of  the  population  to  be  dependent  on  non-agrl cultural 
occupations.'  N.  K.  Sarkar,  The  Demography  of  Ceylon,  (Colombo:  Govern¬ 
ment  Press,  1957) >  PP*  220-221. 


— '  "The  Government  itself  gave  every  asslstence  to  facilitate  the 
introduction  of  South  Indian  labor.  For  instance,  in  l86l,  the  Govern¬ 
ment  took  steps  to  provide  four  vessels  for  the  transport  of  Indian 
labourers  from  Rameswaram  to  Mannar;  in  l866  an  annual  subsidy  was 
granted  for  three  years  to  a  company  in  Bombay  for  the  regular  convey¬ 
ance  of  labourers  from  South  Indian  ports  tO'  Colombo.  The  Government 
also  took  steps  to  make  the  conditions  of  labor  on  estates  attractive  to 
the  Indian  Tamil.  Legislature  was  passed  securing  the  rights  of  immi¬ 
grant  laboxurers."  Sessional  Papers  XVIII,  qp.  cit.,  p.  70. 
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TABLE  2.1 


AREA  UNDER  PLANTATIONS 


YEAR 

ACRES  IN 
»000'® 

1857 

81 

1871 

196 

1881 

521 

1891 

334 

1901 

460 

1911 

975 

1921 

1,095 

19^6 

1,500 

Soiirce:  N.  K.  Sarkax:  Demography  of  Ceylon  (Colombo 
Government  Press  1957)  P«  210. 


TABLE  2.2 

ESTIMATED  SURPLUS  P0PULATI0N*IN  THE  SUBSISTENCE  SECTOR 


YEAR 

NUMBER  OF  SURPLUS 
POPULATION  '000'® 

1871 

728 

1881 

79 

1891 

660 

1901 

854 

1911 

1,202 

1921 

1,452 

1946 

2,766 

* 

See  footnote  9 
Source:  Ihld.^  P*  221. 
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and  more  efficient  methods  of  cultivation  vere  constantly  carried  out 
at  the  institutions  of  research  that  came  to  be  established  quite  early. 
Ihese  institutions  had  a  very  high  standard  of  scientific  research. 

These  investments  in  research  were  very  rewarding  as  seen  in  the  high 
increase  in  productivity  of  this  sector. 

Thus  the  plantation  sector  of  the  economy  was  capitalist  in  almost 
all  its  forms.  Rather  than  being  a  part  of  Ceylon,  it  seemed  more  part 
of  England— perhaps,  with  the  exception  of  labor  who  did  not  have  the 
English  factory  legislation  to  protect  them. 

The  importance  of  this  sector  to  the  economy  is  now  very  great. 

Its  share  in  the  national  Income  1ms  been  steadily  increasing.  Table 
2.3  gives  some  recent  figures  on  the  share  of  the  national  product 
originating  in  exports. 


TABLE  2.3 

DOfflSTIC  EXPORTS  AS  A  PERCENTAGE  OF  GROSS  NATIONAL  PRODUCT 


YEAR 

DOMESTIC  EXPORTS 

AS  A  PERCENTAGE  OF 

GROSS  NATIONAL  PRODUCT. 

1951 

38.51 

1952 

30.64 

1955 

32.53 

195^^ 

34.71 

Source:  Coimpiled  from  data  in;  Ceylon  Government,  Ministry 
of  Finance:  Economic  and  Social  Development  of  Ceylon  (a  Survey)  1926- 
19514-,  Colombol  Government  Press  (l955)  P*  129* 
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Though  there  are  Ceylonese  capitaJ-ists  who  have  followed  the 
British  in  the  opening  up  of  plantations,  the  ownership  until  quite 
recently  remained  mainly  British.  Statistics  on  ownership  are  hard  to 
obtain.  To  quote  Dr.  Sarkar,  "even  today  the  predominant  economic 
Influence  is  exercised  by  the  Europeans.  In  the  tea  plantations,  export 
businesses,  and  banking,  European  ownership  and  management  predominated. 
No  statistics  are  available  of  firms  and  plantations  belonging  to  or 
managed  by  the  Europeans,  neither  do  we  have  any  information  about  the 
size  of  European  Interest  in  Ceylon. 


2.2.2  Subsistence  Sector;  Next,  we  shall  show  that  the  development  of 
the  capitalist  agriculture  in  the  last  century  had  very  little  effect 
on  the  rest  of  the  economy.  The  early  legislation,  resulting  from  the 
conflict  of  interest  of  the  capitalist  and  the  feudal  lords  brought 
some  social  reforms  to  the  peasantry.  But,  as  we  shall  see,  the  life 
of  the  peasantry  was  soon  to  become  much  worse. 

Even  though  the  feudal  lords  were  deprived  of  much  of  their  power, 
the  socleil  organisation  of  the  villages  did  not  change  very  much  during 
this  period.  The  Cambridge  agronomist  B.  H.  Earmer  has  the  following 
observations  in  his  study  on  the  Ceylon  peasantry,  "as  in  many  oriental 
societies,  the  village  community  is  a  social  group.  Although  now  much 
affected  by  outside  influences,  the  Dry  Zone^^  Sinhalese  village 
functions  as  a  unit,  being  largely  made  up  of  related  families  who  tire 


N.  K.  Sarkar,  op.  cit.,  p.  175- 


The  geography  of  Ceylon  is  divided  roughly  into  two  regions,  the 
dry  zone  and  the  wet  zone,  rainfall  being  the  main  distinguishing  fea¬ 
ture)  the  dry  zone  getting  less  than  7^  Inches  of  rainfall.  Almost 
all  the  plantations  are  situated  in  the  wet  zone. 
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largely  bound  together  and  to  the  village  by  ties  of  kinship,  custom, 
and  religion.  This  strong  social  cohesion  often  finds  expression  in  a 
marked  spirit  of  co-operation...." 

Quite  apart  from  that  there  are  very  few  estates  at  all  in  the 
Dry  Zone,  the  estates  in  the  Wet  Zone  do  not  directly  enter  into  the 
peasant  'agrarian  struct\are, '  since  they  do  not  own  the  land  the  peasant 
cultivates;  they  have,  however,  a  potent  influence  in  other  ways...." 

"Everywhere  in  the  Wet  Zone  outside  the  towns  and  the  estates  the 
society  is  still  essentially  a  peasant  one,  clearly  derived  from  the 
same  origin  as  Dry  Zone  Sinhalese  society. 

The  villages  still  retain  many  of  their  precapitalist  forms  of 
economic  activity.  A  large  number  of  the  economic  activities  still  takes 
place  outside  of  a  money  economy.  Even  when  money  enters  the  villages, 
its  role  is  quite  different  from  that  of  the  capitalist  sector.  Money 
is  used  for  consumption  and  not  in  the  production  process.  Commodities 
are  exchanged  for  money  only  to  be  exchanged  again  for  consutoptlon 
goods.  Money  does  not  here  take  part  in  the  production  process  as  in 
capitalist  production,  ahis  C-M-C  role  of  money,  rather  than  the  M-C-M, 
well  Illustrates  the  precapitalist  nature  of  this  sector.  [Qiere  is  no 
accumulation  of  capital  in  such  a  social  structure. 

Table  2.4  gives  the  area  under  rice  cultivation,  the  bMic  crop  of 
this  sector,  and  the  population  of  this  sector. 


w  B.  H.  Parmer,  Pioneer  Colonisation  in  Ceylon;  A  Study  in  Asian 
Agrarian  Problems.  (London:  Oxford  University  FKss,  195?)  PP*  71, 
78  and  8l. 
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TABLE  2.4 


POPULATION  AND  AREA  UNDER  CULTIVATION  (RICE)  OF 
THE  SUBSISTENCE  SECTOR 

YEAR  AREA  UNDER  POPULATION 

RICE  CULTIVATION  DEPENDENT  ON 

ACRES  ('OOO'S)  SUBSISTENCE  SECTOR 

COOO's) 


1865 

600 

1875 

564 

2016  * 

1885 

604 

2275  * 

1895 

650 

2425  * 

1901 

670 

2714 

1911 

678 

5091 

1921 

798 

3349 

1946 

621 

4783 

These  figures  refer  to  the  years  1871, l88l  and  I89I  respectively. 
Source;  Sarkar,  Demography  of  Ceylon  op.  clt.,  p.  211  and  216. 


As  we  see  the  area  under  rice  cultivation  remained  more  or  less 
stationary  at  600,000  acres,  while  the  population  dependent  on  this 
sector  almost  doubled  during  this  period.  Moreover  the  methods  of 
cultivation  remained  the  same  during  this  period.  If  output  iwr  acre 
changed  it  was  for  the  worse.  In  contrast  to  the  capitalist  sector, 
not  only  was  there  no  research  done  on  better  methods  of  rice  culti¬ 
vation,  there  was  even  no  atteoipt  to  adopt  the  better  methods  of 
cultivation  available  elsewhere.  With  land  area  remaining  the  same  and 
the  rapid  increase  of  population,  the  land  was  divided  and  sub-divided 
with  the  passing  of  every  generation,  the  size  of  the  plots  becoming 
smaller  and  smaller  arid  the  holdings  more  and  more  fragmented.  "It 
remains  substantially  ti^ie  that  moat  villages  of  the  Wet  Zone  have  no 
further  room  for  natural  expansion.  One  consequence  of  this  is  that 
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the  village  lands  are  being  constantly  subdivided  into  smaller  holdings - 
so  small  that  they  cannot  be  worked  economically,  at  any  rate  by  the  only 
methods  which  the  villager  imderstands . . . .  In  the  dry  zone,  apart  from 
the  Jaffna  peninsula  (where  there  is  a  plentiful  supply  of  water  under¬ 
ground)  the  deficient  rainfall  usually  admits  of  only  one  cultivation 
season  in  the  year.  15iue  there  is  chronic  underemployment  and,  since 
the  area  of  irrigable  land  is  very  limited,  there  are  many  landless 
men. . . .  Even  in  the  irrigated  areas  crops  are  often  ruined  by  drought, 
and  it  is  hardly  an  exaggeration  to  say  that  the  dry  zone  villager 
normally  lives  on  the  edge  of  destitution.  In  a  good  year  he  can  hold 
his  own,  in  a  bad  year  he  starves. 

Ihe  major  contact  of  the  peasantry  with  capitalist  agriculture 
takes  place  in  the  labor  market.  Though  much  of  the  permanent  labor 
force,  consisting  of  Immigrant  Indian  labor  and  Ceylonese  labor, 
live  in  the  plantations;  there  is  edso  temporary  labor  from  the  villages 
that  is  employed  on  the  plantations.  ISiese  contacts  have  had  many 
effects  on  the  peasantry. 

We  have  seen  that  there  is  a  very  large  suiTplus  population  in  the 
subsistence  sector  of  the  economy.  As  a  potential  labor  froce  this 
has  its  effect  on  the  wage  rate.  What  affects  the  wages  is  not  the 
marginal  product  of  this  sector,  which  is  zero  or  very  close  to  zero, 
but,  as  Arthvir  Lewis  has  pointed  out,^^  is  the  average  productivity  of 


Ceylon  Government,  Sessional  Papers  VII; 
(Colombo,  Government  Press,  1957),  P-  H* 


Iftiemployment  in  Ceylon, 


1§/ 

W.  Arthur  Lewis,  'Economic  Develc^ment  with  Unlimited  Supply  of 
Labor, '  Manchester  School,  May  195^;  reprinted  in  Economics  of  Utader- 
development,  ed.  Agarwala  and  Singh,  (London,  Oxford  Utalverslty  Press, 
195a),  PP.  400-449 . 


53 


this  sector.  The  reason  for  this  lies,  in  the  village  and  the  family 
structure  of  these  countries.  OSie  following  observation  by  Parmer  makes 
this  quite  clear, .  "Family  solidarity  Is  very  strong.  Support  by  the 
family  Is  an  Insurance  against  111  health,  old  age,  or  personal  disaster. 
For  the  same  reason,  there  Is  In  the  purana  (ancient)  vllleige  no  such 
thing  as  unemployment,  only  underemployment;  an  Individual,  back  from 
work  In  the  town,  merely  joins  the  family  group,  each  of  whom  applies 
less  labor  to  the  same  land  In  consequence. The  Inducement  for 
seeking  outside  work  comes,  under  such  conditions,  only  when  the  wage 
rate  Is  greater  than  the  average  productivity  of  the  family  returns ,  and 
not  the  marginal  returns  to  the  femlly.  But  In  the  case  of  Ceylon, 
there  was  an  additional  source  of  labor  for  the  capitalists;  In  neigh¬ 
boring  India,  the  average  subsistence  would  act  only  as  an  upper  bound 
to  the  wage  rate. 

That  the  peasantry  would  be  unwilling  to  work  outside  for  wages 
below  the  average  productivity  has  had  Its  consequences.  In  this  con¬ 
nection  Arthur  Lewis  says,  "the  fact  that  the  wage  level  In  the  capi¬ 
talist  sector  depends  upon  earning  In  the  subsistence  sector  Is  some¬ 
times  of  Immense  political  inportance,  since  Its  effect  Is  that 
capitalists  have  a  direct  Interest  In  holding  down  the  productivity  of 
the  subsistence  workers.  Thus  the  owners  of  plantations  have  no  Interest 
In  seeing  knowledge  of  new  techniques  or  seeds  conveyed  to  the  peasants, 
and  If  they  are  Influential  In  the  government,  they  will  not  be  found 
using  their  Influence  to  expand  the  facilities  for  agricultural 
expansion.  They  will  not  support  proposals  for  land  settlement,  and 
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are  often  Instead  to  be  found  engaged  in  turning  the  peasants  off  their 
lands. That  the  average  productivity  of  the  subsistence  sector  has 
been  reduced  by  almost  half  during  the  period  of  contact  with  the 
Capitalist  sector,  is  good  evidence  that  the  observations  of  Lewis, 
made  in  relation  to  West  Indies  and  Africa,  were. also  true  in  the  case 
of  Ceylon. 

The  average  productivity  may  have  been  high  in  some  earlier  stage 
of  the  development  of  tJ  s  capitalist  sector  to  induce  the  capitalists 
to  bring  in  indentured  labor,  but  the  conditions  now  are  in  a  very 
depressing  stage,  as  brought  out  by  the  following  observations  of 
Parmer,  "the  pre-war  Surveys  revealed,  for  their  limited  range  of 
villages,  mean  gross  monthly  earnings,  in  cash  and  kind,  and  including 
home  production  expressed  in  cash  value,  varying  from  only  Rs.4.28 
(about  63. 5d.)  per  family  in  a  very  poor  family  in  the  Puttedam  District 
to  Rs.31»57  (about  2.7s.kd.).  In  most  villages  the  majority  of  gross 
earnings  were  worth  less  than  R8.15  per  family  per  month,  with  a  mean 
for  all  villages  in  the  region  of  R8.12  per  month,  (about  iSs.).... 

The  Surveys  even  found  a  number  of  villeiges  which  were  far  from  self- 
supporting  in  basic  foodstuffs,  and  the  surveyors  comniented  on  'the 
peuiadox  of  a  peasant  econosjy  which  is  unable  even  to  produce  its  own 
food  requirements,  not  to  speak  of  creating  a  surplus.'  It  is  Indeed 
something  of  a  mystery  how  such  villages  managed  to  survive. 


w 
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Another  common  feature  of  the  present  day  villages  is  their  Indebt¬ 
edness.  To  quote  Farmer  again,  "In  the  Survey  villages,  more  than  50 
per  cent  of  the  families,  and  sometimes  over  8o  per  cent  vere  in  debt, 
to  the  tune  of  as  much  as  Rs.200.  Most  loans  were  not,^  as  in  the  case 
of  India,  for  cultivation  purposes,  but  for  the  purchase  of  provisions 
and  household  goods.  The  moneylender  was  usually  a  locaJ.  boutique- 
keeper  or  land  owner. "^2/ 

With  the  conditions  in  the  subsistence  sector  as  they  are,  the 
capitalists  need  have  no  fear  of  rising  wages. 

Now  that  the  peasants  have  come  to  earn  part  of  their  earnings 
from  the  plantations,  there  are  other  external  forces  effecting  their 
lives.  Depressions  that  effect  the  Capitalist  countries  have  now  come 
to  effect  the  lives  of  these  people.  The  effect  of  depressions  have 
been  thus  described  in  Sessional  Paper  V  of  1959.*  "Ceylon  shared  the 
genersJ.  economic  depression  which  for  several  years  has  afflicted  tihe 
whole  world.  Biere  has  been  a  severe  fhll  in  the  price  of  its  principle 
commercial  products  and  trade  was  at  a  low  ebb.  Ihe  public  revenue  had 
decreased  and  all  public  works  had  been  drastically  cut  down,  mie 
export  of  tea  and  rubber  was  restricted  in  an  endeavour  to  raise  the 
price  of  these  commodities  and  this  restriction  had  caused  the  closing 
down  of  appreciable  acreage  of  estates,  particularly  among  the  small 
holdings . 

!Rie  effect  of  the  general  depression  was  most  marked  in  the  towns. 
It  was  also  felt  in  the  villages  of  the  wet  zone  where  most  of  the  tea, 
rubber  and  coconut  plantations  are  situated.  There  the  people  were 


deprived  of  much  of  the  employment  to  which  they  had  been  accustomed. 

!Ihe  estates  no  longer  needed  the  same  amount  of  casual  labour  for 
weeding,  tapping  and  plucking.  Contractors  no  longer  required  their 
services  on  public  and  private  works  lEhus  as  Sir  Ivor  Jennings 

says,  "an  economic  blizzard  which  starts  in  the  Ttolted  States  may  cause 
a  fall  of  population  and  loss  of  land  in  the  remotest  village  of 
Ceylon."^ 

As  Professor  Baran  notes,  "what  resulted  was  an  economic  and 
political  amalgamation  combining  the  worst  of  both  worlds  -  feudalism 
and  capitalism  -  blocking  effectively  all  possibilities  of  economic 
growth. 

We  see  therefore,  that  the  subsistence  sector  though  dependent 
on  the  capitalist  sector  for  part  of  its  income,  did  not  benefit  from 
it  or  show  any  signs  of  assimilating  with  it.  The  villages  did  not  to 
any  appreciable  degree  share  in  the  new  income  that  was  created  by  the 
plantations.  !Bie  social  organisation,  and  the  methods  of  production 
with  in  the  sector  also  remained  to  a  great  extent  the  same  as  it  did 
for  centuries  before.  33ius  we  have  in  these  countries  two  distinct  forms 
of  social  organisation  existing  side  by  side,  as  it  were  two  distinct 
countries.  As  Boeke  remarks,  "Induallst  countries,  we  find  precapitalism 
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— f  Ceylon  Government,  Sessioned.  Papers  V  of  1939:  Report  on  the 
Relief  of  Distress  Due  to  Sickness  and  Shortage  of  Food, (ColomboT" Gbvern- 
ment  Press,  1939),  p.  8. 
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embodied  In  the  rural  'eastern*  social  system  evan  at  the  present  data. 
Ihe  nustic  community  presents  all  its  characteristics.  But  here  it  is 
brought  into  direct  contact  with  an  imported  capitalism  in  its  full 
bloom,  and  this  it  is  that  gives  the  amphibious  character  which  is 
indicated  by  the  term  duallsm."^^  Hie  distinct  difference  between  the 
caplteLLlst  agriculture  and  the  subsistence  sector  can  also  be  seen  from 
the  patterns  of  ownership  of  land.  The  median  size  of  the  tea  and  rubber 
plantations  is  in  the  region  of  500  acres;  while  ll^it  of  the  ownership 
in  the  subsistence  sector  were  less  than  2  acres.  (This  latter  figure 
excludes  the  landless  peasants  which  were  as  high  as  26.^  for  the 
whole  island  in  some  districts  as  high  as 

In  the  last  decade  with  changes  in  the  political  power,  the  owners 
of  the  plantations  no  longer  being  the  predominant  power  group,  attenipts 
have  been  made  to  resettle  peasants  in  new  irrigated  land  in  the  dry 
zone.  Hals  however  has  not  chan^d  the  structure  of  this  sector  to  any 
considerable  extent;  in  any  case,  these  projects  of  oresettlement,  where 
only  a  mere  five  acres  per  family  are  given,  would  only  result  in 
extending  the  size  of  the  subsistence  sector,  rather  than  changing  its 
social  pattera.  Hoerefore  it  seems  that  in  any  analysis  of  such 
economies  its  duallstlc  c..aracterlstlcs  should  be  fully  recognised. 


2.2.3  Domestic  Manufacturing  Sector;  The  introduction  of  capitalist 
agriculture  and  the  various  other  institutions  connected  with  these 
industries  restated  in  the  growth  of  a  small  urban  population. 


— /  Boeke,  qp.  cit>,  p.  l4. 

25/  jarmer,  op.  cit.,  pp.  66  and  85. 
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constituting  ten  to  fifteen  per  cent  of  the  population.  This  urban 
population  and  the  permanent  labor  force  of  the  plantations  induced  the 
growth  of  a  number  of  small  industries.  Such  a  trend  was  observed 
in  most  of  the  dioalist  economies,  as  Boeke  notes,  "undeniabley  there 
exist  in  the  social  fabric  of  the  dualist  countries  certain  elements 
which  show  characteristics  attributed  to  early  capitalism., Hiese 
industries  suffered  from  the  same  difficulties  that  wiped  out  the  old 
hiandicrafts,  competition  from  more  efficiently  produced  imported 
commodities.  With  very  little  protection  given  them  by  the  government 
they  had  a  very  miserable  existence,  showing  signs  of  expansion  only 
during  periods  artificial  restriction  of  laiports  as  during  wars  and 
periods  of  unusual  boom,  with  conditions  reverting  back  to  normal  once 
imports  are  resumed.  In  Ceylon  there  were  also  other  industries 
connected  with  the  capitalist  agricultural  sector.  These  were  indus¬ 
tries  such  as  the  fibre  industry,  coconut  processing  industries  and 
rubber  goods  industries.  Technologically  these  industries  were  very 
inferior  to  their  counterparts  in  the  more  developed  countries.  The 
demands  for  the  products  of  these  industries  were  mainly  domestic.  But 
since  the  Income  of  the  countries  was  subject  to  fluctuations,  caused  by 
external  forces,  these  Industries  were  also  effected  by  these  external 
fluctuations . 

The  size  of  this  sector,  both  from  the  size  of  the  labor  force 
engEtged  in  it  and  its  share  of  the  national  product,  was  small.  FOr 
Ceylon  in  1957  the  percentage  of  the  labor  force  engaged  in  Industry 

Boeke,  op.  cit.,  p.  15. 
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vas  8.6^  and  its  share  of  the  gross  domestic  product  was 

It  must  be  mentioned  that  this  sector  does  not  constitute  a 
distinct  social  system  in  the  representation  of  Boeke.  Historically 
it  may  be  said  to  lie  somewhere  between  the  two  distinct  social  systems 
that  we  have  been  discussing.  Our  economy  is  not  plural  but  dual.  For 
the  purpose  of  our  analysis,  however,  we  intend  treating  this  sector 
separately. 

There  are  three  reasons  for  this  distinction.  Firstly,  the 
production  function  of  this  sector  does  not  include  land  as  an  important 
factor  of  production  as  the  other  two  sectors.  Secondly,  this  sector 
is  bound  to  play  an  iniportant  role  in  the  future  development  of  these 
economies.  The  ten  year  plan  for  Ceylon,  for  instance,  considers  the 
need  for  industrialisation  quite  vital  for  its  future  development. 

It  is  their  contention  that  the  opportunities  for  absorbing  the  growing 
population,  even  with  large  irrigation  schemes  is  very  limited 
They  consider  import  substitution  as  a  good  basis  for  this  sector.  "The 
availability  of  a  pre-existing  market  for  industrial  products  (and  of 
labor)  affords  a  point  of  commencement  in  planning  for  industrial 
development.  In  1957  industrial  products  of  an  approximate  total  value 
of  Rs.1545  million  were  used  in  Ceylon  for  purposes  of  consus^tion  and 


National  Planning  Council,  The  Ten- Year  Plan,  (Colombo,  Glovemment 
Press,  1959)#  P-  28. 

That  the  percentaige  of  the  labor  force  engaged  in  industry  (8*656) 
is  greater  than  its  percentage  share  of  the  gross  domestic  product  (7.656), 
implies  that  the  productivity  of  the  Industrial  sector  for  1957  was 
below  the  avereige  productivity  for  the  whole  country.  It  must  eJ-SO  be 
noted  that  the  labor  force  does  not  Include  the  subsistence  sector. 
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investment.  Local  production,  however,  accounted  for  only  Rs.jSo  million 
or  15^  of  this  amount.  The  remaining  85^,  amounting  to  RS.II65  million 
in  value,  was  supplied  through  Imports  from  abroad. The  investment 
in  this  sector  in  the  ten  year  plan  is  26. 7?^  of  the  total  Investments  as 
against  22. 9?^  in  agriculture.  Since  the  problem  of  allocation  of  resour¬ 
ces  is  a  major  consideration  of  our  model,  it  is  important  to  consider 
this  sector  separately.  The  third  reason  for  considering  this  sector 
separately  is  that  the  demand  for  the  product  of  this  sector  is  mainly 
domestic,  while  the  capitalist  agriculture  sector  faces  an  external 
market . 

We  thus  break  up  the  economy  into  three  sectors.  The  subsistence 
sector  and  the  export  sectors  showing  two  distinct  and  full  grown  forms 
of  social  organisation,  the  third,  the  domestic  manufacturing  sector,  a 
small  but  an  important  sector  from  the  point  of  future  development  of 
the  country. 
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MAIN  VARIABLES  USED  IN  THE  MODEL 
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®2p 

- 

Domestic  Demand 
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^5 

d^;  Domestic  demand  for  imports, 
u:  Random  variable  representing  random  elements  in  output* 
p:  Price  of  export  product  -  a  random  variable. 

Note:  u  and  p  cure  exogenous  to  the  model. 
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table  3-2 

SUMMARY  OF  THE  MAIN  EQUATIONS  OF  THE  MODEL 
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CHAPTER  3 


THE  MODEL 


3.1  Introduction. 

In  the  last  two  chapters  we  discussed  the  economic  institutions  and 
the  structure  of  the  primary  producing  countries.  We  saw,  that  the 
primary  producing  Industries  were  transplanted,  as  It  were.  In  an  economy 
which  was  basically;pre-capltalist  in  its  social  structure,  and  that  the 
development  of  this  primary  producing  export  sector  did  not  charge  the 
pre-capitalist  nature  of  the  subsistence  sector  to  any  appreciable 
degree.  The  export  sector,  however,  did  find  in  the  subsistence  sector 
a  ready  source  of  labor  supply.  The  development  of  the  export  sector 
resulted  in  the  growth  of  a  small  capitalist  manufacturing  sector,  pro¬ 
ducing  commodities  mainly  for  domestic  consumption.  Ihe  existence  side- 
by-side  of  these  sectors  with  different  economic  and  behavioral  patterns 
is  a  characteristic  of  most  under-developed  countries.  The  relative 
linportance  of  these  sectors  vary  from  country  to  country. 

In  some  under- developed  countries  like  China,  an  export  sector 
based  on  land  did  not  develop  to  any  appreciable  degree.  In  such  coun¬ 
tries  the  feudal  economy  had  already  utilised  extensively  all  the  avail¬ 
able  land,  or  if  further  land  was  available  it  was  not  suitable  for  the 
development  of  a  land  based  export  Industry.  The  fluctuations  In  the 
markets  of  primary  products  do  not  play  a  very  ir^jortant  role  in  the 
economies  of  such  countries.  But  in  countries  like  Ceylon,  Cuba  or 
Malaya  where  land  for  primary  production  was  available,  an  export 


industry  based  on  land  vas  developed.  The  fluctuations  arising  in 
primary  product  markets  has  come  to  play  an  important  role  not  only  in 
the  producing  sector,  but  in  the  economy  as  a  whole.  The  model  that  we 
shall  be  discussing  in  this  chapter  is  for  such  a  country. 

This  model,  as  mentioned  earlier,  is  to  consist  of  three  sectors, 
each  with  different  economic  and  behavioral  characteristics.  We  shall 
discuss  the  nature  of  production  functions,  consiuaption,  savings  and 
Income  of  these  different  sectors.  Then  we  shall  discuss  the  domestic 
demand  for  imports,  domestic  manufactured  goods  and  the  products  of  the 
subsistence  sector.  The  response  of  these  functions  to  fluctuations 
that  arise  in  the  export  sector  is  then  discussed.  The  extent  of  the 
induced  fluctuations  in  the  domestic  manufacturing,  and  the  subsistence 
sectors  of  the  whole  economy  is  considered.  Finally  we  try  to  evaluate 
the  direct  losses  that  arise  in  the  economy  as  a  result  of  these  fluc¬ 
tuations  . 

5.2  Production  Functions  and  Income. 

5.2.1  Export  Sector.  The  output  of  this  sector  could  be  classified  into 
two  major  groups;  agricultural  products,  consisting  of  items  of  food 
like  sugar,  coffee  and  tea  to  raw  materials  like  cotton  and  rubber,  and 
mining  and  extractive  industries  like  copper,  tin  and  oil. 

The  production  function  of  this  sector  could  be  said  to  depend  on 
four  basic  variables,  land,  labor  and  what  we  shall  call  'climatic 
conditions'  (to  include  rainfall,  sun-shine,  humidity  etc.,).  It  is 
important  to  consider  the  significance  of  these  variables  and  the  manner 
in  which  they  enter  the  production  function.  We  shall  argue  that  it  is 
reasonable  to  assume  that  there  is  little  or  no  substitution  taking  place 
among  the  factors  of  production. 
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Of  these,  by  far  the  most  important  factor  in  the  production 
function  of  the  export  sector  is  land.  It  is  the  richness  of  the  land 
and  the  particular  advantage  in  the  production  of  these  commodities 
that  originally  attracted  Investments  into  this  sector.  Sugar  has  its 
own  conditions  of  soil  and  climate  best  suited  for  its  cultivation;  so 
has  coffee  and  tea.  These  optimum  conditions  of  soil  and  climate  are 
scarce  factors  of  production.  Since  the  best  available  land  would  be 
first  used,  returns  to  land  would  decrease  as  the  land  under  cultivation 
increases.  We  shall  therefore  assume,  decreasing  returns  to  land  in  the 
production  function  of  this  sector. 

One  of  our  basic  assumptions  and  indeed  a  fundamental  character 
of  under -developed  countries  is  the  availability  of  labor  in  unrestricted 
quantities  at  a  very  low  wage  rate.  Labor,  as  such,  ceases  to  be  a 
restricting  variable  of  production.  To  put  it  in  another  way,  as  long 
as  the  other  factors  are  available,  labor  could  be  readily  had  at  a 
given  wage  rate.  Under  such  conditions  substitution  between  labor  and 
land  would  have  already  taken  place .■^  Thus  as  long  as  labor  continues 
to  be  non- restricting  factor,  labor  could  be  assumed  to  be  used  in  the 
same  ratio  with  respect  to  land  and  capital.  This  is  so,  not  only  for 
the  export  sector,  but  also  for  the  domestic  manufacturing  sector  as 
well. 

It  is  generally  recognised  that  capital  is  a  scarce  factor  of 
production  of  under-developed  countries.  What  is  not  recognised  is  the 


In  this  connection  see,  Paul  A.  Samuelson,  "Abstract  of  a  Theorem 
concerning  Substitutability  in  Open  Leontief  Models,"  in  Activity 
Analysis  of  Production  and  Allocation,  (ed.)  T.  C.  Koopmans,  (New  York, 
John  Wiley,  1951)  Chapter  VII,  pp.  142-146. 
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Imperfections  of  the  money  market  of  these  countries .  The  scarcity  of 
capital  is  due  to  a  large  extent  to  the  bad  organisation,  and  the 
inability  of  the  subsistence  and  the  domestic  manufacturing  sectors  of 
the  economy  to  make  use  of  the  existing  banking  and  the  financial  insti 
tutions.  But  this  scarcity  of  capital  does  not  apply  to  the  export 
sector  of  the  economy.  This  sector  has  owned  its  own  capital  or  has 
been  able  to  borrow  readily  from  banks  and  other  financial  institutions 
This  is  true  both  of  the  foreign  and  domestic  investments  in  the  export 
sectors.  Therefore,  it  is  reasonable  to  assume  a  constant  capital  to 
land  ratio  for  the  export  sector. 

Thus  we  are  left  with  two  effective  variables  in  the  production 
function,  land  and  'climatic  conditions'*  The  effect  of  this  last 
variable,  we  shall  assume  to  be  of  a  random  nature,  behaving  in  a  known 
statistical  manner.  It  is  also  assumed  that  its  effect  on  the  pro¬ 
duction  function  is  multiplicative  rather  than  additive. 

Thus,  we  express  the  production  function  of  the  export  sector  in 
the  form, 

(5.1)  =  f(L)  u 

where  is  the  output  of  the  export  sector,  L  the  land  area  under 

production,  and  u  is  a  random  variable  of  known  probability  distri¬ 
bution,  representing  the  random  effects  of  the  'climatic  conditions', 
mie  assuinptlon  of  diminishing  i*eturns  gives  us  the  relation, 

.2 

(5.2)  f(L)  <  0 

dL 
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The  constant  capital -land  and  the  land-labor  ratios  gives  us  the 


two  further  cpndltlons, 


(3.3)  L  ^ 

and 

(3.4)  ^ 

where  Is  the  capital  Investment,  the  labor  Input  and 

are  constants.  The  output  of  this  sector  Is  produced  mainly  for  an 
export  market.  Compared  to  the  total  external  demand,  the  domestic 
demand.  If  any.  Is  assumed  to  be  negleglble. 

The  process  of  price  formation  of  primary  commodities  Is  rather 
ccwplex  and  does  not  lend  easily  to  generalisations.  The  emperlcal 
evidence  on  the  behavior  of  prices  we  discussed  In  Section  1.2  of  Chapter 
1.  There  we  concluded  that  there  Is  no  definite  emperlcal  evidence  as  to 
a  relation  between  prices  and  output.  In  our  model,  therefore,  regarding 
the  prices  of  the  expo]:*t  commodity  we  make  the  simple  8issuna>tlon,  that 
It  Is  a  random  variable  of  known  probability  distribution.^  Let  the 
price  of  this  commodity  be  p.  Thus  If  Is  the  Income  of  the 

57 - 

The  prices  of  primary  commodities  as  we  discussed  In  Section  1.2, 
have  a  strong  tendency  for  cyclical  behavior.  The  behavior  of  prices 
are  therefore,  not  purely  random  but  6u:e  also  determined  by  their  past 
history.  To  be  more  accurate  we  should  consider  the  prices  to  be 
stochastic  variables,  this  however,  would  considerably  complicate  our 
analysis,  moreover  we  could  bring  out  the  points  we  hope  to  show  from 
the  following  sl]ig>le  consideration.  The  same  could  be  said  of  the 
variable  u. 
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export  sector  we  have 


(3.5)  Pi  =  f(L)  u  .  p  =  f(L)  •  2 

where, 

(3.6)  z  =  u  .  p 


2  being  a  product  of  two  random  variables  Is  Itself  a  random  variable. 

The  nature  of  the  wage  rate  in  these  countries  we  already  dis¬ 
cussed  in  chapter  2.  This  we  mentioned  is  constant  and  is  determined  by 
the  average  productivity  of  the  subsistence  sector.  If  w  is  the 
constant  wage  rate,  then  from  equations  (2.4)  and  (2,5)  the  total  wage 
bill  for  the  export  sector  is. 


(3.7) 


Income  from  profits 
total  income  and  wages. 


is  defined  as  the.  difference  between 


(3.8) 


^IP  =  ^1  -  ^iw 


=  f(L)  2  .  f 
1 


Part  of  the  Income  of  this  sector,  as  we  mentioned  earlier,  is  earned 
by  nationals  and  the  rest  by  non-nationals.  Let  the  proportion  of 
income  of  this  sector  earned  by  nationals  be  n.  So  that  if  Y^j 
is  the  income  of  nationals,  and  Y^^  the  Income  of  non- nationals, 
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we  have, 

(3.9) 


(5.10) 


Ylp  =  (1  -  *)  Yi 


Further,  It  is  also  assumed  that  because  of  the  capitalist  nature  of  the 
industry,  that  the  profits  will  be  maximised.  So  that  when  prices 

decline  the  marginal  plantations  will  not  be  worked,  and  the  workers  in 
these  plantations  will  be  discontinued. 

(3.11)  .  f(L)  2  .^>0 

Where  ~  f(L)  =  f'(L) 

If  L  denotes  the  total  land  area  available  for  production,  (or  the 
full  capacity  in  land),  this  toteil  land  area  will  be  under  production 
only  if. 


(3.12) 


or 


f'(L)  z  -  >  0 

*1  ~ 


(5.15) 

Let, 


z  > 


(3.14) 


' (L)  '  * 
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When  z  <  z  ,  the  marginal  land  will  not  be  worked,  the  land  area  under 
cultivation  in  this  case  is  given  by  the  equation. 


(3.15) 


f(L)  z  =f 

^1 


z  <  T 


If  L*  is  the  solution  of  this  equation,  the  land  under  pro¬ 
duction  can  be  represented  by  the  relation. 


(3.16) 


L 


=  L  if  z  >  z 

=  L*  if  z  <z 


When  z  <  z  ,  there  will  be  under  utilisation  of  land  capital 
and  the  displacement  of  labor. 

3.2.2  Domestic  Manufacturing  Sector.  This  is  a  small  sector  both  from 
the  proportion  of  population  engaged  in  it  and  also  from  its  share  of 
the  national  product.  The  output  of  this  sector  is  mainly  for  domestic 
consumption.  Some  of  the  products  of  this  sector  compete  with  similar 
imported  commodities,  others  cater  for  purely  domestic  tastes,  though 
even  these  could  perhaps  be  substituted  by  imports. 

The  production  function  of  the  domestic  manufacturii^g  sector  is 
very  different  from  that  of  the  export  sector.  Land,  an  important 
factor  in  the  production  function  of  the  export  sector  does  not  enter 
into  the  production  function  of  this  sector  at  all.  The  production 
function  of  this  sector  depends  only  on  two  factors  of  production, 
capital  and  labor. 
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The  role  of  labor  in  this  sector  is  very  similar  to  that  of  the 
export  sector.  To  this  sector  too,  labor  is  available  in  unrestricted 
quantities,  at  a  wage  rate  determined  by  the  subsistence  sector.  There¬ 
fore,  we  shall  assume  a  constant  capital  labor  ratio  for  this  sector. 

We  assume  the  following  production  function  for  the  domestic 
manufacturing  sector, 

(3.17)  3^  =  fCKg)  =  <2  • 

where  is  the  output  of  this  sector,  the  capital  stock,  and 

/Cg  is  a  constant. 

The  constant  capital-labor  ratio  gives  us  the  relation, 

(3.18)  Ng  *  ig  ^ 

where  Ng  is  the  labor  input  and  ®  constant. 

The  price  of  the  commodity  of  this  sector  we  shall  assume  to  be 
constant  in  terms  of  the  product  of  the  subsistence  sector,  which  price 
we  shall  take  to  be  unity. 

Therefore,  the  income  of  this  sector  is  given  by  the  relation, 


(3.19) 


^2 


and  the  wage  Income 


(3.20) 


^2w  =  ^2  ^ 
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and  income  from  profits, 


(3.21) 


(1 


where  Y,,,  Y.  ,  Y„  denoted  the  total  income,  income  from  wages  auid 

d  2W 

income  from  profits  of  this  sector  respectively. 

It  is  also  assumed  that  the  profit  rate  is  positive,  l.e., 

i  W 

(3.22)  T  =  (1  -  >  0 

Our  assumptions  for  this  sector  makes  the  profit  rate  constant 
at  all  levels  of  production.  This  makes  the  total  profits  euid  hence 
also  the  incentives  for  expansion  of  the  industry  to  depend  on  aggregate 
demand  for  the  products  of  this  sector,  this  seems  a  fairly  reasonable 
assumption  for  under -developed  countries. 

Thus  it  is  assumed  that  this  sector  will  work  at  full  capacity  as 
long  as  the  eiggregate  demand  for  its  products  is  leurge  enough  to  meet 
the  output.  The  nature  of  the  demand  for  these  products  shall  be 
discussed  in  Section  3.6  of  this  chapter. 

Let  X2  denote  the  output  at  full  capacity,  and  d^  the  demand. 
This  sector  will  work  at  full  capacity  or  not,  depending  on 


(3.25)  *^2  <  *2  respectively. 

We  shall  assiane  that  tdien, 

(3.24)  dg  <  Xg 
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capacity  will  "be  utilised  only  to  the  extent  of  meeting  the  existing 
demand  for  its  product. 

Ihus,  if  denotes  the  output  of  this  sector  when  working 
under  full  capacity,  the  output  of  this  sector  can  be  represented  in 
the  form. 


(3.25) 


If  ^>^2 

if  ^2 

When  working  under  full  capacity,  the  utilised  capital  is  given 
by  the  relation. 


(3.26) 


and  the  labor  input  by  the  relation. 


(3.27) 


5.2.3  Subsistence  Sector.  The  output  of  this  sector  is  mainly 
agricultured  foodstuffs,  however,  this  sector  sometimes  also  produces 
handicraft  connodities .  Much  of  the  economic  activity  of  this  sector 
is  not  of  an  organised  nature,  and  is  mainly  for  consumption  within  the 
sector. 

As  discussed  elsewhere,  this  sector  has  had  very  little  from  the 
technological  and  institutional  developments  in  the  rest  of  the  world. 
The  production  techniques  of  this  sector  has  not  changed  for  centuries. 
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land  Is  still  tilled  with  wooden  ploughs,  and  the  handicraft  commodities 
are  produced  with  the  simplest  of  tools. 

The  concept  of  capital  as  it  Is  understood  in  the  other  sectors 
of  the  economy,  has  very  little  meaning  within  this  sector.  Even  the 
addition  of  capital  goods  from  outside  will  make  little  difference,  if 
introduced  without  any  fundamental  changes  in  the  social  organisation 
of  the  sector. 

The  surplus  labor  within  this  sector  does  not'  make  labor  an 
effective  variable  in  the  production  function  of  this  sector.  It  is 
well  known  that  the  marginal  product  of  labor  within  this  sector  is 
very  small  or  zero.  The  availability  of  large  under-employed  popu¬ 
lation  makes  the  output  very  insensitive  to  the  addition  or  removal  of 
labor. 


Neither  is  land  effective  ■variable,  in  the  manner  it  was  in 
the  production  function  of  the  export  sector.  The  total  land  at  the 
disposal  of  this  sector  is  divided  extensively  into  small  plots  among 
the  different  families.  All  this  land  is  extensively  cultivated.  In 
many  of  the  primary  producing  countries  the  land  available  to  the  sub¬ 
sistence  sector  is  i^ther  limited,  additional  land  when  available  is 
owned  by  the  export  sector.  For  the  purpose  of  our  analysis  we  shall 
assume  that  the  land  available  for  this  sector  is  limited  and  does  not 
act  as  an  effective  variable.'^ 

Therefore,  we  are  left  with  a  single  variable  'climatic  con¬ 
ditions'  for  the  production  function  of  this  sector  which  is  itself 


In  Table  2.3  of  Chapter  2  we  give  the  area  under  rice  cultivation 


in  Ceylon  for  the  last  century.  This  area  remained  almost  constant 
at  about  600,000  acres. 
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a  random  variable.  Let  the  production  function  of  this  sector  be, 

(3.28)  =  f(u)  =  U 

where  U  is  a  random  variable  of  known  probability  distribution. 

We  shall  not  consider  in  our  model  the  economic  activity  connec¬ 
ted  with  Internal  consumption  of  this  sector.  Much  of  this  economic 
activity  takes  place  outside  of  a  monetary  economy  and  it  is  difficult 
to  make  a  formal  treatment  of  such  economic  activities.  Only  the 
Income  that  is  derived  from  economic  activity  with  the  rest  of  the 
economy  is  considered.  This  income  arises  from  two  main  sources;  the 
income  from  the  sale  of  output  of  this  sector,  and  the  sale  of  personal 
services  to  the  rest  of  the  economy.  This  latter  source  of  income 
comes  from  the  temporary  demand  for  labor,  for  construction  of  invest¬ 
ment  projects,  public  works  construction  and  housing.  This  demand  for 
labor  depends  on  the  economic  activity  of  the  rest  of  the  economy. 
Therefore,  we  shall  assume  that  the  temporary  demand  for  labor  is  a 
function  of  Income  of  the  export  sector.  Let  this  be  proportional  to 
the  income  of  the  export  sector, 

(3.29) 


where  €  is  a  small  constemt. 

The  output  of  this  sector  is  given  by  the  equation  (3.28), 
Part  of  this  output  is  consumed  within  the  subsistence  sector,  let 
this  be  represented  by. 
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(3.30) 


C3(Y^)  =0+7,  Yj 


where  C  and  7,  are  constants.  Therefore,  the  income  from  the 
sale  of  the  output  of  this  sector  to  the  rest  of  the  economy  is, 


(3.31) 


U  -  (C  +  7j  Yj) 


Therefore,  the  income  of  this  sector,  received  from  the  rest  of  the 
economy  is,  i.e., 


Yj  =  U  -  C  -  73  Yj  +  e  Yi 


(3.32) 


Y3  +  73  Y3  =  U  -  C  +  e  Yi 


Y,  =  V  [U  -  C]  +  V  Y. 


3  1  +  7, 


1+75  ‘1 


5.5  Consumption  Function. 

5.5.1  Export  Sector.  We  shall  consider  the  consumption  function  of 
this  sector  in  two  parts;  the  consuniption  from  wages  and  the  consump¬ 
tion  from  profits,  i.e.. 


(3.33) 


+  C 


IP 


where  C^,  and  represent  total  consumption,  consumption 

from  wages  and  consumption  from  profits  respectively. 
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It  Is  assumed  that  the  whole  of  the  Income  from  wages  is  con¬ 


sumed.  l.e., 


(5.34) 


Of  the  consumption  from  profits  what  is  relevant  to  our  analysis 
is  only  that  part  earned  by  the  nationals.  It  is  assumed  that  the 
income  from  foreign  investments  are  remitted  outside  the  country^  and 
hence  that  the  consuniption  from  this  part  of  the  Income  does  not  take 
place  within  the  economy. 

Income  from  profits  will  obviously  be  a  determinant  of  this 
consiamption  function.  These  incomes  as  we  have  mentioned  before  are 
subject  to  rather  severe  fluctuations.  We  believe  that  the  extent  of 
these  fluctuations  too  are  a  determinant  of  the  consumption  patterns 
from  profits.  The  greater  the  fluctuations  the  greater  would  be  the 
highest  Income  reached,  and  the  consuugjtlon  habits  formed  at  these  high 
incomes  would  continue,  even  when  income  drops  from  this  high  level. 

Thus  the  chances  of  being  exposed  to  more  expensive  consumption  patterns 
would  be  greater,  greater  the  extent  of  fluctuations  of  Income. 

ISierefore,  we  assume  a  consumption  fiuction  of  the  following 

form. 


(5.35) 


<^lp  =  Y. 


IP 


where  and  7^^  are  both  increasing  functions  of  the  'extent  of 

fluctuations ’ • 
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3.3.2  Domestic  Manufacturing  Sector.  Again  we  divide  the  consumption 


function  Into  two  parts,  the  consumption  from  wages  and  the  consumption 
from  profits,  l.e.. 


(5.56) 


^2  = 


^2p 


+  C, 


'2w 


As  before,  It  Is  assumed  that  the  whole  of  the  wage  Income  Is  consumed. 
1  .e . , 


(5.57) 


The  consumption  function  of  profits  we  assume  depend  only  on  Its  Income. 
Though  the  profits  of  this  sector  are  also  subject  to  fluctuations, 
they  are  not  as  violent  or  significant  as  those  of  the  export  sector. 
This  consumption  function  Is  of  the  form, 


(5.58) 


S  -  ^2  ^2p 


3.3.5  Subsistence  Sector.  The  consumption  of  the  subsistence  sector 
of  Its  own  product  we  have  already  given  In  equation  (3.51).  We  shall 
assume  that  the  whole  of  Its  Income  received  from  outside  Is  spent  on 
consumption  goods  bought  from  outside.  That  this  sector  does,  not  save  a 
any  of  Its  Income  from  outside  Is  well  known Ihus  we  have. 


(5.59) 


See  Section  2.2.2  of  Chapter  2. 
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Consumption  Function  for  the  Economy.  Comhining  the  consunQption 


functions  for  the  different  sectors^  we  get  the  following  consuiig>tlon 
function  for  the  whole  economy. 


C  ®  Cg  Cj 


(3A0) 


=  7o  «  7i(Yi  -  Y,^)  +  72(Yg  -  Yg^)  +  Y,^  +  Yg^ 

"rh;"i^r7Sr(u-c) 

u  -  c 


^^o  1  +  Jr)  ’'1  1  +  yj  ^1  ^2  ^2  "  "’'l^^lw  ^^"^2^^2w 


3*^  Consumption  Patterns. 

Next  we  shall  consider  the  bresJtdown  of  the  domestic  consumption 
into  its  main  sources j  imports,  domestic  manufactured  goods  and  the  pro¬ 
ducts  of  the  subsistence  sector.  The  output  of  the  subsistence  sector  it 
is  assumed  is  an  inferior  good,  so  that  as  income  rises  the  demand  for 
these  goods  will  decrease.  Further  it  is  assumed  that  the  proportion 
of  imported  goods  in  total  consumption  will  increase  with  income.  It 
is  also  assumed  that  excess  demand  for  domestically  originating  com¬ 
modities  could  be  met  from  imports. 

We  shall  group  the  consumption  functions  from  wage  Income;  it 
will  be  assumed  that  the  distribution  of  consumption  from  wage  incomes 
of  both  the  sectors  are  the  same. 

Let  the  total  consumption  from  wages  consist  of  In^orts, 

dcaaestically  manufactured  commodities  and  products  of  the  subsistence 
sector  in  the  following  proportions. 


60 


C  ,  =  a  ,  c  ; 

wl  wl  w  ' 


■'w2 


“»2  ^w> 


c  ,  -  o  ,  c. 

w3  w3  w 


where  are  considered  to  he  constants  In  our  model,  hut 

would  in  general  he  functions  of  income.  Also  =  1. 

The  income  from  profits  are  also  grouped  together,  this 
is  assumed  to  comprise  of  imports,  domestically  manufactured,  and 
suhsistence  goods  in  the  following  proportions. 


(3.42) 


C  ,  =  a  ,  C  : 
pi  pi  P  * 


^2  "  “p2  S  * 


c  ,  =  a  ,  c 

p3  P3  P 


where  the  a's  are  constants  as  before.  Also  a.  +  -  +  CX  ■,  =1. 

pi  p2  p3 

Since  we  have  already  separated  the  consumption  of  the  suh¬ 
sistence  sector  of  its  own  product,  we  will  consider  here  only  the 

separation  of  C_  into  imports  and  domestically  manufactured  commodi- 
8 

ties.  Let  these  he  in  the  following  proportions. 


(3.43) 


si  si 


"s2  =  “s2  "s 


where  the  a's  are  same  as  before,  and  a  ,  +  a  »  =  1. 

'  si  s2 

/ 

3.5  Savings  Function. 

In  our  model  savings  could  arise  only  from  profits.  The  total 
of  wage  Income  and  the  Income  from  the  suhsistence  sector  is  assumed  to 
he  consumed.  Also  from  the  Income  from  profits  only  the  savings  of 
residents  interest  us.  Even  if  the  savings  arising  from  foreign 
investments  are  invested  within  the  economy,  these  would  he  still  equiv¬ 


alent  to  foreign  Investments. 
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Having  already  defined  the  consumption  function,  we  get  the 
savings  function  as  a  residual.  We  get  the  following  savings  function 
for  the  export  sector, 

(J-W) 

and  the  following  from  the  domestic  manufacturing  sector. 


(3.115) 


'  "3P  -  ''2P 


Therefore,  combining  the  above  two  savings  functions,  we  get  the 
following  savings  function  for  the  whole  economy. 


(5.1t6) 


=  =  *  % 


■  »  '^ip  *  ''pp  -  <^lp  *  '^Pp) 


3.6  Demand  Functions. 

Next,  we  si^ill  determine  the  demand  functions  for  imports, 
domestically  manufactured  commodities,  and  the  products  of  the  sub¬ 
sistence  sector. 

From  equations  (3.33),  (3-35),  (3.37),  (3.38),  (3-39),  (3.4l), 
(3.^2)  and  (3*^3),  we  get  the  following  demand  functions.  For 
Imports 
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^  '  “vl  *  V  ^  “s2  ♦  ''2  *  ''3 

■  “vl  "  I  '  *2>  "  ^  -  ^)i-^>'2(^  ■ 


pi 

a  , " 


(5.1+7) 


si  1  +  7^  1  +  7^ 

arW  a,jr7,w 


f(L)  z)  +  +  V. 


-  V  -o  -.p  *  -<¥  -  ^(«p.-o  * 


pi' 

J-  ^ 

^?w 

■"  *2‘“wl  ^  *  *  ’’2^^  ■  *  ''2  ■"  ’'s 


'  ‘lO  *  ‘ll  ^  *  ‘12  ^  *  hs  *2  *  '2  *  ''3 

where  v^  and  v^  represent  the  excess  demand,  if  any,  for  the 
domestic  manufacturing  sector  and  subsistence  sector  respectively. 
For  domestically  manufactured  goods. 


^  -  “v2  <^v  *  “pa  %  *  “.2 

=  “.a'^  *  I  -  *  “p2<”!^  *  ^  *  ^2(1  - 


(3.48) 


+  a 


82^1  +  7 


[U  -  c]  + 


3 

a  o«73w 


1  +  7, 


f(L)z] 


•  t“p2”'<,  *  “s2  •  I  - 


^  ,  ,“»2V  ,  „  ‘2,,, 

*  *2'-T^  *■  ^2<^-  — » 


'  ”20  *  ‘21  *  "22  '  *  "25  '‘2  • 
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For  the  products  of  the  subsistence  sector, 


d,  «a,C  +  a  -  c 

3  w3  w  p3  p 


£ 


(3.49) 


£„v 


'  “p5  "^o  -  -^1^1  "  f(U^  (“p,  «ri) 


^2  •^pW 


'*30  '*’  ^31^*  ^32  ■‘‘  ^33  ^2  * 


where  the  b 


ij 


are  constants. 


3..7.  Fluctuations  In  the  Bconowy. 

3.7fl  Fluctuations  In  the  Bxport  Sector.  In  Section  3*7  we  shall  con¬ 
sider  the  fluctuations  arising  in  the  different  sectors  of  the  econony. 
These  fluctuations  arise  as  we  have  mentioned  before  as  a  result  of  the 
fluctuations  originating  in  the  export  sector. 

We  shall  first  consider  the  extent  of  the  fluctuations  In  the 
export  sector.  As  we  have  seen  in  Section  1.2  of  the  first  chapter  the 
fluctuations  in  the  export  sector  arise  from  two  sources;  those  from 
prices,  p,  and  from  output,  u.  We  have  assumed  that  p  and  u  are  inde 
pendently  distributed  random  variables’  of  known  probability  distribution 
5/ 

Through  most  of  our  analysis  in  this  and  the  following  chapters  we 
consider  the  variance  as  a  measure  of  the  extent  of  fluctuations.  How¬ 
ever,  due  to  the  stochastic  nature  of  the  variable  (see  footnote  2)  the 
variance  may  not  be  the  'best'  measure.  The  variance  however  has  the 
advantage  of  being  easy  to  handle. 
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Let  the  mean  and  variance  of  p  he. 


E(p)  -  p  var  p  - 

and  the  mean  and  variance  of  u  he, 

E(u)  =  u  var  u  = 

We  defined  z  in  equation  3*6  as, 

(3.6)  z  =  p  .  u 

The  prohahlllty  distribution  of  z  is  given  hy, 

f“  z' 

(3*50)  q.(z')  =*  proh(z  =  z')  *1  proh(u  ®  u')  •  proh[p  =  ^]du' 

*0 

The  mean  value  of  z  is, 

(3.51)  H  =  E(z)  =  u  5 

and  the  variance  of  z  is, 

/,  CON  «  2  2  2  ^-22^-22 

(3*52)  Var  z  =  a  ®  +P  ®  • 

P  U  P  XI 

The  variance  of  the  total  proceeds,  we  see,  is  greater  than  the 
variance  of  price  of  the  output.  Thus  they  reinforce  each  other,  a 
result  that  has  been  empirically  observed.^ 

^  See  Table  1.3  of  Chapter  1. 
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Prom  equations  (3.5)  and  (3*l6)  the  Income  of  the  export  sector  can 
be  expressed  In  the  form. 


(3.53) 


»  z  f(L*)  for  z  <  z 


=  z  f(L)  for  z  >  z 


(3.54) 


Therefore,  we  get  the  value  of  the  export  sector  in  the  form, 

E(Y,)  =  f  z  f(L*)  q(z)  dz  +  f  z  f(L)  q(z)  dz 
lo  z 

-  r  z  f(L)  q(z)  dz  -  f  [f(L)  -  f(L*)Jz  q(z)  dz 

Jo  Jo 


where 


(3.55) 


H  f(L)  -  6 


6  =  f  [f(L)  -  f(L*)]  z  q(z)  dz 
Jo 


and  the  variance  of  the  income  of  this  sector  is. 


^00 

Var  =  /  (z  FCb)  -  (m  f(L)  -  6)]^  q(z)  dz 

Jo 


(3.56) 


[fiL)f  -  6^  +2h  f(L)  6  -  r  {[f(L)]^  -  [f(L*)f  Jz^q(z)dz 

Jo 


»  [f(L)]^  -  6^  f(L)  6-6' 
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where, 

(3.57)  ®'  *  f  -  [f(L»)f}  z  q(z)  dz  . 

Jo 

Prom  equation  (3*7)  and  (3.16)  the  wage  income  of  this  sector  can 
be  written  in  the  form, 


(3.58) 


for  z  <  z 


for  z  >  z 


Hence  the  expected  value  of  wage  income  is. 


(3.59) 


"io 


Jm  f“ 

hh 


q(z)  dz  +  j-  /_  q(z)  dz 


(L  -  L*)  7  q(z)  dz 


where, 

(3.60) 


Lw  w 

■  7  ^w 


6^  -  J  (L  -  L*)  q(z)  dz  . 


Firom  equation  (3.8)  and  (3«l6)  the  income  from  profit!  can  be  written  as. 


Y,  -  z  f(L*)  -  ^  for  z  <  z 

ip  t-. 


(3.61) 


z  f(L)  -  ^  for  z  >  z 
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Hence  the  expected  value  of  income  from  profits  is, 


E[Y,^]  -  [2  f(L*)  -  %  p(z)  dz  +r  [z  f(L)  -  q(z)  dz 

(5-62)  __  _ 

-  p  u  f(L)  -  E[y^^]  -  6 

We  see  that  expected  value  of  profits  depend  not  only  on  the 
expectations  p  of  price  and  u  of  output,  but  also  on  6.  Note  that 
6  will  be  positive  if  the  probability  that  the  export  sector  works 
under  full  capacity 

(3.63)  P«  =  Prob[  z  <'z] 

z 

is  positive. 

3.7*2  Fluctuations  in  the  Domestic  Manufacturing  Sector.  Next,  we  shall 
consider  the  fluctuations  Induced  in  the  domestic  manufacturing  sector, 
by  fluctuations  arising  from  the  export  sector. 

The  demand  for  the  product  of  this  sector  is  given  by  equation 
(3.48),  this  is  expressed  as  a  function  of  the  income  of  the  export 
sector  f(L)z,  and  L  the  land  under  cultivation  of  the  export  sector. 
From  equations  (3*53)  and  (3.I6),  we  see  that  these  variables  are 
dependent  on  the  random  variable  z.  Therefore,  the  demand  equation 
(3*W)  is  itself  dei)endent  on  this  random  variable,  which  makes  d^  a 
random  variable. 
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The  relation  hetween  the  demand  d^  and  the  output  is  given 

by  the  equation  (3.25) • 

Xg  =  5^  for  ^2  ^  ^ 
for  ^2  ^  ^ 


We  next  consider  the  relation  between  output  Xg  and  the  random  vari- 

m 

able  z.  Let  z  be  the  value  of  z  for  which 


dg 

For  high  enough  values  of  z  both  the  export  and  the  domestic 
manufacturing  sectors  will  be  working  under  full  capacity.  Which  of 
these  would  first  start  to  work  under  full  capacity  would  depend  on 
whether  condition  (3 .16)  or  (5 *23)  is  first  reached. 

We  will  first  suppose  that  condition  (3*25)  is  reached  before 
(3.16);  i.e.,  that  the  domestic  manufacturing  industry  will  start  to 
produce  under  full  capacity  before  the  export  sector  does  so. 

So  that  we  will  have, 

z  >  z 

The  output  of  the  domestic  manufacturing  sector  under  this  con¬ 
dition  can  be  represented  in  the  form, 

Xg  =  5^  for  z  >  z 

=  ^2  =  (1  t^20  ^  ^2  ^21  z<z<t 


(3.64) 


Thus  for  values  of  z  >  z  the  output  would  be  constant^  and  for 
z  <  z  <  z  the  output  depends  linearly  on  z,  and  for  z  <  z  the 
decline  of  output  would  be  non-linear  and  much  more  sharp. 

In  the  other  case,  when  the  export  sector  starts  to  produce  under 
full  capacity  before  the  domestic  manufacturing  sectors,  l.e.,  when 

z  <  z  . 


The  output  of  the  domestic  manufacturing  sector  could  still  be  repre¬ 
sented  by  equation  (3.64),  except  that  we  would  now  have  X*  =  0. 

The  expected  value  of  the  Income  of  this  sector  is  given  by. 


/‘Z  rz  /•<» 

E(X2)  =  /  ^  1(2)  dz  •»-  3^  q(z)  dz  +J,  ^  q(z)  dz 

(3.65)  -f.  4(2)  d2  - J  -  3^)  q(2)  dz 


where, 

(5.66) 


and 

(5.67) 


63  =  r  (Xg  -  X*)  q(z)  dz 
Jz 

65  =  f  (^  -  3^)  q(z)  dz  . 


bg  and  are  both  non  negative.  From  equation  (3.19),  (5.20)  and 
(3.21)  we  see  that  the  wage  income  and  the  income  from  profits  are  pro¬ 
portional  to  the  toteuL  income  of  this  sector.  Therefore  the  fluctuations 
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in  wage  income  and  income  from  profits  are  proportional  to  the  fluctu¬ 
ations  in  total  income.  So  that  the  expectations  and  the  variance  of 
wEiges  and  profits  would  themselves  be  proportional  to  those  of  total 
Income . 

It  must  be  noted  that  and  are  dependent  on  the  range  of 

fluctuation  of  z.  Larger  the  range  of  fluctuation,  larger  would  be 
bg  and  by  and  hence,  lower  the  income  of  this  sector.  It  could 
therefore  be  said  that  greater  the  extent  of  fluctuation  of  z  the  less 
would  be  the  income  of  this  sector.  Thus  the  incentives  for  expansion 
of  the  domestic  manufacturing  sector  would  also  depend  on  the  extent  of 
fluctuation  of  z. 

Therefore,  we  could  conclude  that  the  extent  of  fluctuations  in 
the  export  sector  are  very  vital  to  the  economic  activity  of  the  domestic 
manufacturing  sector. 

3.7*5  Fluctuations  in  the  Subsistence  Sector.  The  income  of  the  sub¬ 
sistence  sector  is  given  by  equation  (5*52)  as. 


(5.52) 


"5=  — 


[U  -  C]  + 


1+7, 


This  income,  we  see,  depends  on  two  random  variables,  the  output  of  this 
sector  and  the  income  of  the  subsistence  sector. 

The  ejqpected  value  of  this  income  is. 


(5.68) 
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1 


and  the  variance  Is^ 


(5.69) 


Var  Y, 


(1 


Var  U  +  ( 


1  +  r 


-f 


Var  Y, 


The  effect  of  the  fluctuation  arising  in  the  export  sector  on  the 
subsistence  sector,  we  see  from  the  above  equation,  depends  on  e.  l.e., 
it  depends  on  how  large  a  proportion  of  the  income  of  this  sector  is 
received  by  the  sale  of  labor  to  the  export  sector.  If  we  assume  that 
the  variations  in  U  are  conparable  to  those  in  u,  then,  since  the 
variation  in  Y^  is  greater  than  that  in  u,^  the  fluctuations  in  Y^^ 
would  be  larger  than  those  in  U.  So  that  even  when  e  is  small  the 
effect  of  the  fluctuations  arising  in  the  export  sector  on  the  sub¬ 
sistence  sector  are  comparable  to  those  that  originate  within  this 
sector. 

Since  we  have  assumed  that  the  whole  of  the  income  of  this  sector 
is  consumed,  the  fluctuations  in  the  consumption  of  this  sector  are  the 
same  as  those  of  Income. 

The  demand  for  the  products  of  the  subsistence  sector  is  given  by 
equation  (5*^9) •  For  the  consistency  of  the  model,  we  shall  assume  that 
the  difference  between  this  demand  and  the  supply,  which  is  the  same  as 
Yj,  is  either  freely  disposed  or  met  with  imports. 

5*7.^  Fluctuations  in  Total  Income.  Having  briefly  discussed  the 
behavior  of  the  different  sectors  of  the  economy,  we  next  discuss  the 
fluctuations  in  the  total  income  Y. 


T 


See  Table  1.5  of  Chapter  1. 


72 


(3.70) 


y  -  +  Yg  +  Yj 


-  f(L)  z  +  Xg  +  3-^  [U  -  C]  +  3-J-^  f(L)  z 

■  rH;  1“  -  ^ 

The  behavior  of  the  total  Income  as  a  result  of  the  fluctuations  in  the 
export  sector  can  be  considered  from  the  above  equation.  This  is  best 
seen  by  considering  the  behavior  of  (3*70)  during  the  down-ward  phase 
of  z. 

For  values  of  z  >  z,  all  the  elements  other  than  z  of  this 
function  would  be  constant.  So  that  in  this  range  of  variation  of  z, 
the  variation  of  the  total  income  would  be  linearly  dependent  to  z. 

But  for  z  such  that  z  <  z  <  Zf  variations  in  z  would  cause  vari¬ 
ations  in  Xg  as  well,  as  seen  from  equation  (3.64).  Therefore,  as  z 
varies  in  this  range,  the  corresponding  variation  in  Y  would  be  more 
rapid,  because  the  variations  in  z  would  now  be  combined  with  the 
variations  in  Xg.  As  z  declines  beyond  z,  not  only  will  Xg  decline 
much  faster  than  that  of  the  previous  period  (see  5*64),  but  f(L)  will 
also  now  decline  with  z.  Therefore,  during  this  last  phase  a  decline 
in  z  would  now  cause  very  severe  decline  in  the  total  income.  Thus  we 
see  that  during  depression  in  the  export  sector  the  effect  in  the  econoniy 
could  be  very  severe,  its  effect  on  the  total  economy  is  of  a  much 
greater  than  would  be  suggested  by  considering  the  fluctuations  in  z 
alone. 
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5.7*5  Behavior  of  Imports.  Next,  we  consider  the  behavior  of  imported 
consumption  goods  in  the  above  model.  The  demand  for  imported  goods  for 
consumption  is  given  in  equation  (3.^7) • 

It  has  been  shown  that  the  demand  for  Imported  goods  is  dependent 
on  the  fluctuations  of  the  export  sector.  There  are  three  reasons,  why 
it  is  likely  that  the  consumption  from  Imports  is  rather  high  in  primary 
producing  countries,  (a)  Fluctuations  result  in  a  decline  of  the 
domestically  manufacturing  industry.  Therefore,  products  which  otherwise 
would  be  met  domestically  would  now  be  met  from  Imports,  (b)  Consump¬ 
tion  habits  formed  at  high  levels  of  income  for  better  finished  Imported 
goods  do  not  completely  disappear  when  income  declines,  (c)  At  high 
levels  of  income,  when  the  demand  for  domestically  produced  commodities 
exceeds  supply,  the  excess  demand  is  usually  met  with  imports.  There¬ 
fore,  beyond  a  certain  level  of  income,  almost  all  the  increase  in 
demand  for  consumption  would  be  met  from  Imports.  It  may  therefore  be 
said  that  greater  the  fluctuations  in  income,  the  greater  the  tendency 
to  depend  on  Imported  consumption  goods. 

The  foreign  exchange  earnings,  on  the  assumption  that  the  profits 
from  foreign  investments  are  remitted  out  of  the  country,  is  given  by 
the  following  equation, 

P  .  -  (1  -  x)  -  f(L)  z  -  (1  -  *)  [f(L)  z  - 

Lw 

=  X  f(L)  z  +  (1  -  x)  ~ 

■*1 

The  variations  in  this  function  too  can  be  considered  in  the  same 
way  as  above,  by  considering  the  variations  that  arise  from  L,  f(L)  amd  z. 
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It  has  been  obseirved  in  enperical  studies  in  some  Latin  American 
countries,  especially  in  Mexico,^  that  the  income  elasticity  of  imports 
is  greater  than  unity,  i.e.,  a  proportionate  increase  in  income  would 
Increase  imports  by  a  greater  proportion.  We  shall  obtain  the  Income 
elasticity  of  Imports  for  large  values  of  income  for  our  model,  and  show 
that  is  is  quite  possible  for  the  above  empirical  observation  to- be  true. 

For  values  of  z  laurge  enough,  both  the  export  and  the  domestically 
manufacturing  sector  would  be  working  at  full  capacity.  In  this  range 
the  total  increase  in  income  goes  either  as  profit  of  the  export  sector 
or  as  income  of  the  subsistence  sector.  And  the  increase  in  consumption 
is  met  from  imports.  Uhder  these  conditions,  we  have  from  equation 
(3.^0), 


(3.72) 


Ay 


Ac 

^I 

'2^ 


7,  «  + 


1+7, 


Iherefore,  the  income  elasticity  for  Imports  for  large  enough  values  is 
given  by 


(3.73) 


e 

I  Cj  Ay  Cj  ^'l 


It  + 


1+7, 


It  is  quite  possible  for  this  function  to  be  greater  than  unity. 


3,8  The  Nature  of  Losses  to  the  Economy. 

We  have  seen  how  the  economic  activities  of  primary  producing 
countries  are  dependent  on  the  fluctuations  of  the  export  sector.  Next 

^  United  Nations,  ECLA,  External  Disequilibrium  in  the  Economic 
Development  of  Latin  America;  The  Case  of  Mexico,  (Wew  York,  1957) 
pp.  62-63.  ~~ 
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we  shall  discuss  the  losses  that  arise  as  a  result  of  these  fluctuations. 

(a)  First,  there  are  the  losses  arising  from  the  under-utlllsatlon 
of  capital  and  land  and  the  displacement  of  labor.  In  the  export  sector. 
We  saw  that  the  maximisation  of  profits  would  lead  to  working  some  Indus¬ 
tries  In  this  sector  under  capacity,  when  z  <  z,  Thoi^gh  this  naxlmlses 
Individual  profits,  they  cause  losses  to  the  economy.  Displaced  labor 
has  to  maintain  themselves  by  borrowing,  by  the  aid  of  the  state  or  If 
they  still  have  contact  with  their  families  In  the  subsistence  sector, 
with  the  help  of  these  families.  The  displacement  of  labor  Is  certainly 
a  social  loss.  In  the  case  of  utilisation  of  labor  and  capital,  there 
would  be  cost  In  maintaining  plant  and  land  In  working  condition,  so 
that  there  Is  no  loss  of  efficiency  when  they  are  re-utilised. 

We  shall  assume  that  these  losses  In  land,  capital  and  labor  are 
proportional  to  the  extent  they  are  under  utilised,  then  the  expected 
losses  In  this  case  Is, 


_  * 

L.  -  /  •  (I*  -  I**)  p(z)  dz  +  I  Vg  •  (Kj^  -  K^)  p(z) 

Jo  Jo 


dz 


(5.74) 


+  f  v,(N  -  N»)  p(z)  dz 

Jo  ^ 


''2  ''’S 


(L  -  L*)  p(z)  dz 


where 


v^,  v„  and  v,  are  constants,  and  B  ais  before. 

(b)  There  are  similar  losses  arising  from  the  under-utilisation  of 


resources  in  the  domestic  manufacturing  sector.  Again,  if  we  assume 


that  the  losses  arising  from  such  under-utilisation  of  capital  and  labor 
are  proportional  to  the  extent  that  they  are  under  utilised,  we  get  the 


following  e:g)ected  loss  fxmction, 


(3-75) 


+ j  -  I^)  P(z)  dz  +J_  V^CNg-l^)  p(z) 


^(62  .63). ^(6,  -.63) 

Vl.  SV. 


where  and  V3  are  constants,  and  bg,  63  as  before. 

(c)  We  saw  that  the  profits  were  dependent  not  only  on  expecta¬ 
tions  of  z,  but  also  on  the  extent  of  its  fluctuations,  and  that  there 
is  a  reduction  in  profits  depending  on  the  extent  of  these  fluctuations. 
This  decline  in  profits  has  consequences  (other  than  the  immediate 
effect  of  reduction  of  income),  on  the  economy.  The  decline  in  profits 
occurs  both  in  the  export  and  the  manufacturing  sectors.  First  of  all  a 
decline  in  the  profit  rate  would  diminish  the  expansion  of  the  sector, 
and  hence  reduce  to  the  economy  the  advantages  of  such  expansion. 
Secondly,  the  savings,  which  arise  mainly  from  the  income  from  profits, 
would  be  reduced  by  a  reduction  in  the  profit  rate.  Savings  being 
scarce  and  Important,  from  the  point  of  view  of  economic  development, 
reductions  in  savings  should  be  considered  as  losses.  lUiirdly,  the 
fluctuations  tend  to  reduce  the  size  of  the  manufacturing  sector  in 
still  another  way.  At  low  levels  of  income  the  losses  to  the  firm  may 
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be  so  large  as  to  drive  firms  out  of  business,  so  that  vhen  income  rises 
again  only  the  more  profitable  firms  vould  continue  to  operate.  So  that 
it  is  likely  that  the  more  violent  the  fluctuations  the  smaller  would  be 
the  size  of  the  sector. 

Again,  on  the  assumption,  that  the  losses  from  the  above  causes 
are  proportional  to  the  extent  that  profits  are  reduced  by  fluctuations, 
we  get  the  following  expected  loss  from  ectuations  (3.62)  and  (3.65). 

Z  V 

(3.76)  Lj  =  Vg  6  +  v^(l  -  *  ®3^ 

where  and  are  constants, 

o  7 

(d)  We  saw  that  fluctuations  tend  to  increase  consumption, 
especially  consimiptlon  of  lii5>orted  commodities.  This  increase  in  con¬ 
sumption  reduces  savings  and  foreign  exchange  earnings.  Savings  and 
foreign  exchange  play  an  iinportant  role  in  the  process  of  economic 
development,  and  hence  their  reduction  constitute  losses  from  the  point 
of  view  of  development. 

The  decline  of  savings  and  foreign  exchange,  we  saw,  takes  place 
at  all  levels  of  Income,  and  their  decline  increases  with  increases  in 
the  variance  of  fluctuation  in  the  export  sector.  Therefore,  we  shall 
assume  that  the  losses  of  the  above  type  are  proportional  to  the  veuri- 
ance  of  z.  Hence  we  get  the  following  loss  function, 

(3-77)  ^  =  ''8 

where  v-  is  a  constant. 
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CHAPTES  k 


ALLOCATION  OP  RESOURCES:  CHOICE  BETWEEN  SECTORS 
4.I..  Introduction: 

In  the  previous  chapter  we  developed  a  model  of  an  under-developed 
econony  and  discussed  some  of  its  Implications.  Next  we  discuss  the 
problem  of  allocation  of  resources  in  such  an  economy. 

The  theory  of  allocation  of  resources  plays  an  Important  role  in 
economic  thought,  this  is  especially  so  in  the  case  of  the  economics  of 
under-developed  countries.  Ihe  correct  allocation  of  resources  being 
very  significant  for  economic  development  and  economic  development  being 
a  major  concern  of  these  countries,  this  special  interest  in  the  theory 
of  allocation  seems  quite  natural.  This  is  also  reflected  in  the  large 
proportion  of  the  contemporary  literature  of  the  economics  of  under¬ 
developed  countr-*  's  devoted  to  the  problems  of  allocation  of  resources . 
The  theory  of  allocation  poses  some  very  interesting  problems,  and  many 
of  these  problems,  especially  those  in  relation  to  under-developed 
countries,  have  not  yet  been  solved  to  the  satisfaction  of  everyone.  We 
shall  therefore,,  devote  the  first  part  of  this  chapter  for  the  develop¬ 
ment  of  a  logical  basis  for  the  ansLlysis  of  allocation  of  resources  in 
under-developed  countries . 

In  many  of  the  under-developed  countries,  the  problem  of  allo¬ 
cation  of  resources  have  been  left,  so  far,  to  the  forces  of  the  market 
mechanism.  In  section  4.2  of  this  chapter  we  shall  first  look  at  the 
conditions  under  which  the  market  mechanism  could  be  expected  to  eillocate 
resources  in  a  socleilly  optlmiun  manner,  and  then,  see  how  well  these 
conditions  are  satisfied  In  the  under-developed  countries.  We  shcU-l 
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show  that  these  conditions  are  not  satisfied,  and  that  therefore,  the 
market  forces  canpot  be  expected  to  allocate  the  resources  in  a  socially 
optimum  manner.  This  implies  the  need  for  some  direction  of  resources 


for  it  to  be  allocated  in  a  socially  optimum  manner.  A  logical  frame- 

1/  2/ 

work  for  such  an  investment  policy  is  found  in  Tinbergen^  and  Chenery.-' 
We  shall  extend  this  theoi^'  for  the  case  of  multiple  aims,  and  use  it  as 
a  logical  basis  for  the  critical  evaluation  of  the  different  Investment 
criteria'^  that  have  suggested  in  the  literature.  We  shall  specially 
show  that  there  is  a  very  striking  relation  between  this  theory  of 
Investment  policy  and  the  'social  marginal  product'  criteria  of  Chenery. 
In  the  final  section  of  this  chapter,  we  analyse  the  problem  of  allo¬ 
cation  between  the  export  and  the  domestic  manufacturing  sectors  of  the 
model,  as  an  application  of  the  above  theory  of  investment  policy.  !I5ie 
problem  of  allocation  of  resources  within  sectors  we  shall  tsdce  up  in 
the  next  two  chapters. 


V 


k,2  Theory  of  Allocation  and  Economic  Development. 

4.2.1  The  Perfectly  Competitive  Model.  It  can  be  shown,  that  the  market 
mechanism  will  allocate  the  resources  in  a  socially  optimum  manner  if  the 


^  Tinbergen,  J.,  On  the  Theory  of  Economic  Policy,  (Amsterdam;  North- 
Holland  Publishing  Co.,  19^2 )|  and  Economic  Policy,  (Amsterdam;  North- 
Holland  Publishing  Co.,  1956). 


^  Chenery,  H.  B.,  'Development  Policy  and  Programmes',  Economic  Bulle¬ 
tin  for  Latin  America,  Vol.  Ill,  No.  1,  March  1958,  PP*  51-6o. 

■k/ 

—  The  term  fcriterlon'  is  used  here  as  'a  rule  of  thuml:/  for  allocation  of 
resources;  and  its  use  is  different  in  the  literature  of  programming. 

^  Chenery,  H.  B.,  "application  of  Investment  Criteria',  Quarterly 
journeil  of  Economics,  Vol.  LXII,  No.  1,  (Peb.  1953)/  PP*  70-96. 
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perfectly  competitive  model  is  a  good  representation  of  the  working  of 
the  economy.  In  a  perfectly  competitive  model  it  is  assumed  that  the 
product  and  the  factor  markets  are  competitive,  that  there  is  full  free¬ 
dom  of  entry  of  firms  and  factors,  that  there  exists  full  knowledge  of 
market  conditions,  that  there  are  no  external  economies  or  diseconomies 
and  that  firms  maximise  profits  and  that  each  individual  maximises  his 
utility.  In  such  a  model,  each  firm  motivated  by  maximum  profits  will 
undertake  all  Investment  for  which  the  internal  rate  of  return  is  greater 
than  the  Interest  rate,  which  is  determined  in  a  perfect  capital  market. 
Each  individual  acting  to  maximise  his  utility  will  supply  labor  in  such 
quantities  that  the  disutility  of  supplying  the  marginal  unit  is  equal 
to  the  utility  of  the  resulting  Income.  Also  each  product  will  be  con¬ 
sumed  by  each  consumer  in  such  a  quantity  that  the  resulting  marginal 
utility  will  be  worth  giving  up  an  Income  equal  to  its  price.  The  result 
ing  allocation  under  such  conditions  cannot  make  any  individual  better 
without  making  some  one  worse-off.  Therefore,  the  resulting  allocation 
from  a  perfectly  conpetitive  model  is  'Pareto  optimum'.  The  above  result 
can  be  proved  quite  rigourously.  It  should  be  noted  that  this 
model  is  static,  and  that  the  distribution  of  Income  is  assumed  to  be 
socially  desirable. 

Therefore,  the  extent  to  which  the  market  meclianlsm  can  be  expected 
to  allocate  the  resources  in  a  socially  optimum  manner  depends  on  how 
closely  the  economy  approximates  a  perfectly  competitive  model.  That 
the  under-developed  countries  deviate  quite  significantly  from  this 
model  is  now  fairly  widely  recognised.  Rosensteln-Rodan^  was  one  of  the 

Rosenstein-Rodan,  P.  N.,  'Problems  of  Industrialisation  in  Eastern 
and  South-Eastern  Europe'#  Economic  Journal,  (June -September  1953):  also 
reprinted  in  Economics  of  Development,  ed.  Agarwala  and  Singh,  op.  cit., 
pp.  2k5-255. 
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earliest  economists  to  focus  attention  on  some  of  the  difficulties  of 
the  market  mechanism,  in  the  allocation  of  resources  in  relation  to  the 
economic  development  of  post-war  eastern  Europe.  Among  others  who  have 
more  recently  pointed  to  the  ineffectiveness  of  the  market  mechanism  in 
the  allocation  of  resources  in  under-developed  countries  are  Nurkse,^ 
Myrdal^  and  Lewis. ^ 

It  is  quite  cleeur  that  the  model  considered  in  Chapter  5,  is  very 
far  from  a  perfectly  competitive  model.  In  fact  much  of  our  emphasis  in 
this  model  were  on  the  imperfections.  Even  after  the  breaking  up  of  the 
economy  in  to  three  fairly  homogeneous  sectors,  we  saw  that  the  conditions 
of  perfectly  conqjetitlve  model  are  not  even  satisfied  within  the  sectors.. 
The  subsistence  sector  is  perhaps  the  furthest  from  a  perfectly  com¬ 
petitive  model}  we  saw  that  the  basic  economic  organisation  waa  feudal 
rather  than  that  of  a  perfectly  competitive  economy.  Very  little  organised 
production  for  the  market  or  any  Investment  takes  place  within  this  sector. 
In  the  export  sector,  though  the  economic  organisation  is  not  feudal, 
we  saw  that  the  ownership,  and  hence  entry,  was  very  restrictive.  Also 
the  long  run  nature  of  the  Investments  makes  the  shifting  of  investments 
with  the  n»rket  conditions  very  difficult.  Out  of  the  three  sectors, 
perhaps  it  is  the  domestic  manufacturing  sector  that  comes  closest  to  a 
perfectly  competitive  model.  Even  here  the  deviation  is  quite  significant. 


^  Nurkse,  R.,  ProblernTTf  Capital  Formation  in  Under -developed  Countries, 
(Oxford;  Blackwell,  1953)  pp.  4-24. 

^  Myrdal,  G.,  Rich  Land  and  Poor,  (New  York,  Harper  and  Brothers,  1957) 
specially  see,  pp.  137-l**-3. 

^  Lewis,  W.  A.,  The  Theory  of  Economic  Development.  (Homewood,  Illinois, 
Richard  D.  Irwin,  Inc.,  1955) ^  PP-  90-101. 
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the  ability  to  enter  is  limited,  the  capital  market  is  rather  imperfect 
and  the  knowledge  of  market  conditions  is  far  from  desirable.  The 
imperfections  in  the  market  conditions  are  important  to  the  understanding 
of  these  economies,  and  a  model  that  abstracts  from  these  imperfections 
would  therefore  exclude  an  important  characteristic  of  these  economies. 

Apart  from  the  imperfections  in  the  market  conditions,  there  are 
other  reasons  for  the  inapplicability  of  the  perfectly  competitive  allo¬ 
cation  model  >^0  under- developed  countries.  Many  writers  have  drawn 
attention  to  the  importance  of  external  economies  in  the  allocation  of 
resources  in  under-developed  countries,  and  that  these  should  be  recog¬ 
nised  in  the  proper  allocation  of  resources  under-developed  countries. 

As  we  noted  before  the  above  model  abstracts  from  external  economies. 

A  further  weakness  of  this  model  is  that  it  is  a  static  model.  The 
dynamic  considerations  of  allocation  become  specially  inportant,  since 
economic  growth  is  a  major  aim  of  the  under-developed  countries.  Still 
a  further  weakness  in  the  perfectly  competitive  model  in  the  euLlocation 
of  resources  in  the  under-developed  countries  is  the  implicit  assumption 
that  the  distribution  of  Income  before  and  after  allocation  is  desirable 
by  society.  The  disparity  of  income  in  the  under-developed  countries  is 

well  known,  and  as  Chenery  remarks,  "the  tendency  has  been  for  the 

9/ 

inequalities  to  increase."-' 

The  best  illustration  of  the  failure  of  the  market  mechanism  in 
the  proper  allocation  of  resources  of  under -developed  countries,  is 
perhaps,  the  historical  patterns  of  growth  of  these  countries.  Histori¬ 
cally,  the  process  of  allocation  of  most  of  the  under-developed  countries. 


u 


Chenery,  H.  B., 'Development  Policies  and  Programmes',  op.  clt.,  p.  55 
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in  some  continued  to  the  present  day,  have  been  based  on  decentralised 
investment  decisions  guided  by  profit  incentives.  It  is  veil  Imown 
that  past  patterns  of  Investments,  are  in  no  small  way  responsible  to 
the  present  economic  ills  of  these  countries. 

4.2.2  A  Logical  Basis  for  the  Allocation  of  Resources  in  Underdeveloped 

Countries.  What  follows  from  the  above  consideration  is  that  the 
perfectly  competitive  model  of  allocation  is  not  appropriate  for  under¬ 
developed  countries;  and  therefore,  the  market  mechanism  cannot  be 
expected  to  allocate  the  resources  of  these  countries  in  a  socially 
optimum  manner.  The  failiire  of  the  market  mechanism  calls  for  the  direct¬ 
ion  of  Investment  in  some  socially  optimum  manner.  It  fiirther  calls  for 
a  theory  of  allocation  which  would  help  guide  this  direction  of  invest¬ 
ment;  i.e.,  a  theory  of  investment  policy.  We  next  discuss  a  logical 
basis  for  such  an  Investment  policy. 

There  have  been  many  attempts  towards  the  derivation  of  a  'rule 
of  thumb',  or  what  has  been  called  an  Investment  criterion,  for  the 
proper  allocation  of  resources  in  under-developed  countries,  when  the 
market  mechanism  is  known  to  have  failed.  It  is  very  unlikely  that  such 
a  criterion  would  be  satisfactory  under  all  conditions,  though  many 
economists  have  tried  to  obtain  such  a  general  investment  criterion. 

It  would  depend  on  the  aims  of  the  society  and  the  relative  abundance  of 
resources.  In  much  of  the  literature  on  investment  criteria,  it  is  not 
clear  what  the  alms  of  these  criteria  are,  and  under  what  conditions 
the  criteria  hope  to  achieve  these  alms.  Much  of  the  controversy  on 
the  investment  criteria  would  have  been  avoided  had  these  conditions 
under  which  the  different  criteria  are  optimum  had  been  explicitly 
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stated.  It  ib  possilble  to  obtain  a  logical  framework,  by  the  extension 
of  the  theoretical  concepts  of  Tinbergen  and  Chenery  on  investment  policy, 
for  the  systematic  analysis  of  these  different  investment  criteria.  This 
will  be  our  next  consideration. 

First,  we  shall  define  some  of  the  concepts  used  by  Tinbergen.'i^ 
Decisions  on  allocation  are  assumed  to  be  made  at  two  levels.  The 
decision  making  body  at  the  higher  level  we  shall  call  the  'policy 
make-r ' j  this  could  be  a  single  institution  like  the  legislature  of  the 
country,  or  a  group  of  Institutions  consisting,  say  of  labor  unions, 
management  and  representatives  of  the  legislature.  The  decisions  at  the 
next  level  we  shall  call  the  'planning  authority' ;  this  would  be  a 
technical  organisation  who  woxild  be  carrying  out  the  decisions  of  the 
'policy  makers'.  The  'policy  maker'  first  defines  a  set  of  'aims '  of 
society,^^  which  would  be  a  qualitative  or  quantitative;  alms  that  the 
society  wishes  to  achieve.  In  general  these  aims  would  be  multiple. 
Chenery  gives  the  following  as  commonly  taken  'aims';'^^ 

(i)  Maximisation  of  income  or  per  capita  Income, 

(ii)  Improved  distribution  of  income  by  regions, 

(ill)  Reduction  of  risk  of  fluctuations  of  Income  due  to  crop 
failure  and  variations  in  export  markets, 

(iv)  Maximisation  of  employment. 


Tinbergen,  J.,  Economic  Policy,  op.  clt. 


w 

The  present  analysis  assumes  tliat  the  alms  of  society  are  given  as 
datum.  However  it  is  recognised  that  the  social  scientist  has  a  role 
in  determining  these  alms. 


Chenery,  K.  B.,  op.  cit.,  p.  5^. 
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In  the  present  analysis  we  shall  restrict  ourselves  to  those  aims  that 
can  he  quantified  and  also  assume  that  it  is  the  aim  of  the  'policy 
maker'  to  maximise  (or  minimise)  each  of  these  aims.  The  variables  with 
which  the  policy  maker  wishes  to  attain  the  aims  are  called  the  'instru¬ 
mental  variables ' ,  these  could  vary  from  tax  rates  and  foreign  exchange 
control  to  the  direct  control  of  the  investments In  our  analysis 
we  shall  restrict  to  a  single  Instrumental  variable;  i.e.,  each  of  the 
aims  is  assumed  to  be  a  function  of  a  single  variable. 

The  purpose  of  the  'policy  maker'  is  to  realise  the  'best'  future 
configuration  of  the  stated  'aims'  of  society.  Here  we  are  only  concerned 
with  investment  policy.  Investment  policy,  however,  will  not  be  com¬ 
pletely  independent  of  economic  policy  in  general  -  the  optimum  invest¬ 
ment  decisions  would  depend  on  fiscal  policy,  monetary  policy  and  foreign 
trade  policy.  For  the  present  purpose  we  shall  abstract  from  these 
considerations . 

If  there  were  only  a  single  aim,  the  attainment  of  the  optimum 
investment  policy  would  be  rather  simple;  the  maximisation  of  this  single 
aim  under  the  restrictions  of  available  resources.  But  in  the  case  of 
multiple  aims,  the  choice  of  the  optimum  investment  policy  would  depend 
on  the  manne-  in  which  the  'policy  maker'  weights  the  alternative  alms. 

We  shall  assume  that  given  any  two  different  combinations  of  the 
alms,  the  policy  maker  is  able  to  prefer  one  to  the  other,  or  remain 


Theil,  H.,  on  'Econometric  Models  and  Welfare  Maximisation', 
Weltwirtschaftliches  Archives,  Band  72,  Heft  1,  (195^),  pp.  60-85,  con¬ 
siders  two  sets  of  variables;  instrumental  and  Indirect.  The  latter 
being  defined  as  'those  that  are  affected  indirectly  by  the  use  of 
indirect  variables'.  This  differenciation  is  very  similar  to  the 
difference  between  endogenous  and  and  exogenous  variables  in  Econometric 
models . 
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Indifferent  between  them.  It  can  be  shown,  in  a  manner  similar  to  the 
derivation  of  the  utility  function  of  the  theory  of  consumer  behavior, 
that  If  these  preferences  satisfies  the  further  assumptions  of  Irreflex- 
Ivlty,  transitivity  and  continuity,  there  exists  a 'welfare  function'  of 
the  'policy  maker'  of  the  form, 

W(.Ai,  A2>  ^  Ai> 

(where  Ag,  ...  ,  A^#  correspond  to  the  different  alms)  such  that 
W(  A^)  >  W(  Af )  only  If  A.^  is  preferred  toA^,  where 

A^  corresponds  to  the  vector  (A^#  A2'  i  *  2. 

If  this  'welfare  function'  Is  available  to  the  'planning  authority' 
in  an  explicit  form,  the  problem  of  obtaining  the  optimum  investment 
policy  would  be  the  same  as  if  there  were  only  a  single  aim,  i.e.,  the 
maximisation  of  this  known  'welfare  function'.  But,  usually  such  a 
welfare  function  Is  not  explicitly  available  to  the  planning  authority. 
Ihe  question  that  we  shall  next  ask  Is;  what  Is  his  best  decision  when 
all  that  Is  available  to  him  are  the  'alms'  of  the  'policy  maker'  and 
not  the  explicit  form  of  his  'welfare  function'? 

The  'planning  authority'  could  obtain  a  subset  of  the  set  of  all 
feasible  decision,  such  that  the  optimum  decision  of  the  'policy  maker' 
would  be  a  member  of  this  subset  for  all  possible  'welfare  functions'. 
This  would  be  the  smEillest  subset  of  feasible  decisions,  such  that, to 
every  feasible  decision  outside  this  subset,  there  will  be  a  decision 
within  the  subset  which  would  be  at  least  as  'good'.  We  shall  refer 
to  such  a  subset  of  decisions  as  a  'Bareto  optimum'  set.  If  the  e:)q>llclt 
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form  of  the  'welfare  function'  of  the  'policy  maker'  were  not  available 
to  the  'planning  authority',  the  most  the  latter  could  do  would  be  to 
obtain  the  'Pareto  optimum'  set  of  decisions.  The  above  logical  frame¬ 
work  could  be  a  basis  for  the  appraisal  of  the  many  investment  criteria 
suggested  in  the  literature.  !Biese  Investment  criteria  suggest  'rules 
of  thumb'  to  be  followed  in  the  allocation  of  resources  in  under-devel¬ 
oped  countries.  In  much  of  this  literature  it  is  not  clear  what  'alms' 
the  proposed  criteria  hopes  to  achieve.  This  is  specially  important 
in  comparing  two  different  criteria,  for  in  such  cases  if  the  alma  of 
the  criteria  were  different,  there  would  be  no  basis  for  the  conparlson 
of  the  criteria.  Once  the  'alms'  of  the  criteria  are  made  clear,  it  is 
then  possible  to  determine  whether  the  suggested  criteria  maximises  the 
•alms'  subject  to  the  restrictions  of  the  problem. 

The  'social  marginal  product  criteria'  of  Chenery^^  has  a  close 
resemblance  to  the  above  foimilation,  and  to  the  rest  of  our  analysis 
of  this  chapter. 

Chenery  expanded  the  concept  of  'social  marginal  product'  in 
resource  eJJ.ocation  suggested  earlier  by  Itehn.^^  Kahn  had  argued  that 
it  is  not  the  private  marginal  product  that  should  assign  priorities  in 
Investment,  but  the  social  marginal  product;  l.e.,  the  total  contribution 
to  the  product  from  the  point  of  view  of  the  whole  society.  He  specially 
engphaslsed  that  the  factor  costs  that  should  matter  under  such  conditions 
are  the  opportunity  costs. 


Chenery,  H.  B.,  'Applications  of  Investment  Criteria',  op.  clt. 


^  _ 

^  Kahn,  A.,  'Investment  Criteria  in  Economic  Development  nrograms'. 
Quarterly  Journal  of  Economics,  (Feb.  1951)#  PP*  38-61. 
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Chenery  Introduced  a  'social  welfare  function'  of  the  following 
form  as  a  desired  aim  of  Investment  policy: 

(4.2)  W(Y,  B,  D  ,  ) 

where  Y  denotes  the  total  national  income^  B  the  balance  of  peo^nents^ 
and  D  the  distribution  of  income. 

From  this  equation,  we  get  that  the  effect  on  'social  welfare'  of 
a  increment  of  investment  is, 

(4.3)  aw  =  ^ay  +  ||ab+^ad  +  ,  ...  , 

which  would  constitute  the  social  marginal  product  of  the  investment. 
Restricting  to  two  variables,  the  national  income  and  the  beLLance  of 
payments,  he  uses  the  following  form  of  the  'social  marginal  product', 

(4.4)  S*M*P=AW=AY-rAB 

where  AY  is  the  total  net  effect  on  the  national  income,  Ab  the  net 
effect  on  the  balance  of  payments  on  the  investments,  and  r  =  ^  is 
interpreted  as  'equivalent  of  the  national  income  of  a  unit  increase  in 
the  balance  of  pegonents ' .  Chenery  uses  the  above  formulation  of  the 
'social  marginal  product'  for  the  comparison  of  investment  projects  of 
six  Mediterranean  countries. 

In  the  above  formulation  it  is  implicitly  assumed  that  the  social 
welfare  function  or  the  way  in  which  society  weights  the  different  'alms’ 
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Is  known  In  an  explicit  manner.  It  Is  assumed  for  Instance  that  the 
coefficient  r  Is  known  explicitly.  If  this  were  so,  the  above  pro¬ 
cedure  would  be  approrlate  for  granting  Investment  priorities.  But  as 
we  have  pointed  out,  It  Is  not  always  that  the  social  welfare  function 
Is  known  In  an  explicit  manner. 

The  Chenery  criteria,  however.  Is  very  similar  to  the  formulation 
given  at  the  beginning  of  this  section.  The  variables  In  the  above 
'welfare  function'  can  be  Interpreted  as  what  we  called  the  'alms'  of 
the  'policy  maker'.  The  Chenery  'welfare  function'  Itself  to  what  we 
called  the  'welfare  function'  of  the  'policy  maker',  except  that  the 
latter  function  was  not  assumed  to  be  known  in  an  explicit  manner. 

4.3  Choice  Between  Sectors. 

In  this  section  we  shall  discuss  the  optimum  procedure  for  the 
edlocation  of  resotirces  between  the  export  and  the  domestic  sector  of 
the  economy. 

A  major  characteristic  of  the  type  of  economy  that  we  are  analysing 
Is  the  rather  violent  fluctuations  In  its  Income.  As  we  discussed  in 
the  previous  chapter,  these  fluctuations  give  rise  to  many  losses,  and 
are  a  major  weakness  in  the  smooth  working  of  these  economies.  It  is 
generally  recognised  both  by  the  economists  and  the  polltlced.  thinkers 
of  these  countries,  that  for  the  stimulation  of  the  process  of  develop¬ 
ment  of  these  countries,  and  for  the  general  welfare  of  its  people,  that 
these  fluctuations  should  be  checked.  As  mentioned  In  Chapter  1,  the 
GenereU.  Assembly  of  the  United  Nations  appointed  a  group  of  economists 
In  1953  to  study  the  problem  of  the  fluctuations  In  the  prices  of  primary 
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commodities  and  recommend  methods  for  the  stabilisation  of  these  prices. 
It  seems  quite  natural^  therefore,  that  an  ’aim'  of  Investment  policy  of 
the  primary  producing  countries  be  the  minimisation  of  the  fluctuations 
in  the  income  of  these  economies. 

As  a  measure  of  the  extent  of  these  fluctuations,  we  shall  take 
the  variance  of  the  distribution  of  income  of  the  export  sector  of  the 

17/ 

economy.—^  The  fluctuations  in  the  Income  of  the  other  sectors  of  the 
economy,  we  saw  in  the  last  chapter,  were  induced  by  the  fluctuations  in 
the  export  sector  of  the  economy,  so  that  they  can  be  said  to  be  func¬ 
tionally  related  to  the  extent  of  fluctuations  in  the  export  sector. 
Therefore,  the  variance  of  Income  distribution  of  the  export  sector  is 
an  appropriate  variable  for  the  measure  of  the  extent  of  fluctuations  of 
the  Income  of  the  whole  economy. 

As  the  on  other  'aim'  of  the  Investment  policy  we  take  the  maxi¬ 
misation  of  the  expected  value  of  the  total  income  of  the  economy. 

Given  a  stationary  distribution  of  Income,  the  expected  value  can  be 
interpreted  as  the  average  long  run  Income  of  the  future.  So  that  the 
'aim'  is  not  a  short  run  'aim',  but  a  long  run  average,  and  except  for 
the  fact  that  it  weighs  the  future  the  same  as  the  present,  seems  quite 
an  appropriate  'aim'.  However,  it  must  be  mentioned  that  this  does 
not  necessarily  maximise  the  rate  of  growth  of  the  economy.  The  intro¬ 
duction  of  an  'aim',  to  maximise  growth  like  the  aim  of  the  Galenson 


united  Nations,  Commodity  Trade  and  Economic  Development,  op.  cit 
See  Pootnate  5  of  Chapter  5. 


and  Leibenstein^-'  criteria,  would  highly  conipllcate  our  analysis.  !nius 
though  we  fully  recognise  this  to  be  a  very  appropriate  'aim*  of  economic 
policy  of  an  under-developed  country,  we  shall  not  introduce  it  to  the 
present  analysis. 

Therefore,  for  investment  policy  of  our  model,  we  shall  consider 
the  'aims'  as:  (1)  minimisation  of  the  variance  of  the  export  sector, 
and  (2)  maximisation  of  the  income  of  the  export  sector. 

The  'social  welfare  function*  of  the  policy  maker  takes  the  form, 

(^.^)  w(y,  V) 


where  Y  denotes  the  total  expected  Income,  and  V  the  variance  of  the 
distribution  of  income  of  the  export  sector,  a  measure  of  the  extent  of 
the  fluctuations  of  the  income  of  the  economy.  This  function  is  not 
assumed  to  be  known  explicitly. 

There  are  three  main  factors  of  production  in  our  analysis,  labor, 
land  and  capital.  As  we  have  assumed  throughout  our  analysis,  labor  is 
not  a  restricting  factor  of  production.  Since  land  also  enters  in 
constant  ratio  to  capital,  we  need  consider  only  one  restricting  factor 
of  production,  capital.  Therefore,  we  shall  assume  that  the  only 
restriction  arises  from  the  total  available  capital  stock. 


First,  we  shEdl  discuss  the  eLUocation  of  total  capital  between 


the  two  sectors  of  the  economy.  Itext,  we  take  the  problem  of  marginal 


— '  The  'aim',  though  not  quite  explicitly  stated,  of  their  criteria 
(Galenson,  W.,  and  H.  Leibenstein,  'Investment  Criteria,  Productivity  and 


Economic  Development',  Quarterly  Journal  of  Economics,  Vol.  IXIX,  Ho..  3, 
(August  1955)#  PP»  3^3-370)  is  the  maximisation  of  the  growth  rate. 
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investment  of  capital.  The  optimum  eLLlocatlon  of  marginal  Investment  is 
very  much  dependent  on  the  already  existing  pattern  of  the  distribution 
of  Investment  between  the  two  sectors. 

The  Income  of  the  export  sector,  from  equation  3*5  of  Chapter  3/ 
is, 

(3.5)  -  f{L)  z 

where  z  is  a  random  variable,  L  the  land  under  cultivation,  The 
capital  land  ratio  is  assumed  constant,  therefore,  the  above  equation 
can  be  written  in  the  form. 


»  f(-<l  K,)  . 

In  Chapter  3,  we  assumed  that  for  low  enough  values  of  z,  the 
maximisation  of  profits  in  the  firms  of  this  sector  resulted  in  the 
cultivation  of  only  part  of  the  land,  so  that  for  certain  low  values  of 
z  the  land  under  cultivation  was  a  function  of  z.  Here,  we  shall 
assume,  that  all  the  land  is  cultivated  for  all  values  of  z.  Or  that 
the  industry  will  work  at  full  capacity  for  all  values  of  z. 

Therefore,  the  expected  Income  from  the  export  sector  is, 

(^.5)  E(yj^)  -  f(»c^  \)  E(z) 


and  the  variance  is, 

{h.6)  V  =  [r{K^  K^)f  0^ 
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The  Income  of  the  domestic  manufacturing  sector,  is  from  equation 

3.17, 

(3.17)  Xg  =  <2 

where  Is  a  constant,  the  capital  stock,  and  Xg  the  output  at 
full  capacity. 

The  demand  d^  for  the  product  of  this  sector  is  given  by 
equation  (3.48)  of  Chapter  3, 

^  =  "’so  ">21  ^  ^  ^22  ^  ^  ^23  ""a 

(4.7) 

”  ^20  ^21  '^1  ^  ^22  ^^'^1  ^  *  ^23  *2 

We  assumed  that  the  output  was  equal  to  if  the  demand  for  the 

product  was  greater  than  dg,  if  the  demand  was  less  than  the  Industry 
would  produce  to  meet  this  demand;  i.e.,  in  this  case  the  Industry  would 
be  producing  at  less  than  full  capacity,  i.e.. 
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For  z  >  z,  the  industry  would  he  working  at  full  capacity.  Let 

('+•9)  V  =  dg  -  3^  z  >z 

represents  the  extent  of  excess  demand  in  the  industry.  For  any  value 
of  the  random  variable  z  this  is  a  function  of  and  Kg.  Excess 

demand  would  mean  that  these  commodities  would  now  have  to  be  imported, 
resulting  in  an  extra  drain  on  foreign  exchange.  Therefore,  we  shall 
assume  that  excess  demand  results  in  losses  to  the  economy,  and  let  this 
loss  function  be  of  the  form. 


(4.10)  e(v) 

Similarly,  for  values  of  z  <  z  the  industry  would  be  working  at  less 
than  full  capacity.  The  extent  of  under  capacity  of  the  industry  in 
this  case  is. 


(4.11) 


s=3^-dg  z  <z 


This  again  is  a  function  of  the  capital  stock  of  the  two  sectors, 
and  Kg.  The  working  of  the  Industry  at  less  than  full  capacity  would 
also  result  in  losses  to  the  economy?  factors  would  now  be  under-utilised, 
the  displaced  labor  has  to  be  in  some  way  supported  by  society,  and  it 
is  likely  that  the  plant  has  to  be  maintained.  So  that  they  can  be 
reutilised  without  loss  of  efficiency  when  demand  returns  to  normal.  Let 
this  be  represented  by  a  loss  fvuictlon  of  the  form. 
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The  equation  connecting  repreaentcd  In  the 

form 


(^•13) 


d^  *  3^  +  V  -  8 


where 


V  >  0,  a  >  0 


also  we  have. 


if  V  >  0  then  s  «  0 


and 


8  >  0  then  V  =  0 

The  net  gain,  from  this  sector  when  dg  is  the  demand  can  be 
represented  in  the  form, 

(4.1U)  ^Ci^ldg)  =  '  l(v)  z>z 

Bd-T|(8)  Z<Z 

The  above  function  is  dependent  on  the  capital  stock  of  both  the  sectors 
of  the  econozoy,  and  Also,  since  z  is  the  random  variable 


reBponsi'blft  for  the  variation  the  above  function  can  he  represented  in 


the  form. 


(^•15)  K^lz) 

Now>  If  -|(v)  and  -ti(s)  are  concave  In  and  K^,  then  the  above 
function  is  concave  In  and  K^. 

We  shai.1  use  the  following  theorem  due  to  Danzig^^/  to  prove  the 
concavity  of  the  total  expected  gain. 

Theorem;  If  ®  concave  function  over  a  fixed  region 

n  for  every  value  of  6,  then  any  positive  linear  combination  of  such 
a  function  Is  also  concave  in  n. 

Prom  the  above  theorem  it  follows,  that  since  K^|z) 

concave  for  all  z,  the  e:iqpected  value  of  this  function. 


(4.16) 


E^(«(K3^,  Kgiz)) 


Is  concave  In  suid  1^. 

Also,  because  of  our  assumption  of  diminishing  returns  for  the 
production  function  of  the  export  sector,  K^)  Is  a  concave  function 

In  K^. 

!nie  toted  expected  Income, 


(4.17) 


K2)  =  E  Kgiz)  +  f(<3^  E(z) 


Danzig,  G.  B 
Science,  Vol.  1, 


.,  'Linear  Progranming  lAider-uncertalnlty',  Management 
(1955),  P.  200. 
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vhich  is  the  sum  of  tvo  concave  functions  in  and  is  itself  a 
concave  function  in  and 

We  shall  next  show  that  if  Kg)  is  concave  for  all  and 

K^,  and  if  it  is  an  increasing  function  of  and  Kg^  then  the 
equi- income  curves  are  convex  to  the  origin. 

For;  if  ,»  Kg)  is  concave^  then  for  any  J  and 

=  (K^i  I^)  we  have, 

X  $(K^)  +  (1  -  X)  *(K^)  <  5(X  K^  +  (1  -  X)  K^) 

for  0  <  X  <  1 

Noi^  if  the  e:q>ected  gain  for  any  K^  and  are  the  same,  we  have, 

♦(K^)  =  5(K^)  -  5^ 

Therefore, 

<  5(X  +  (1  -  X)  K^) 

Thus  as  in  Figure  1,  if  the  equi-income  curves  are  increasing  functions 
of  capital  s\-ocks  and  Kg,  the  equi-income  curves  are  convex. 

We  now  consider  the  problem  of  eLLlocation  of  a  given  stock  of 
capiteU.  K  between  the  two  sectors  of  the  economy. 

The  allocation  problem  con  be  formally  stated  as  follows, 

(U.l8)  max.  Y  -  ♦(Kj^  Kg) 
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(4.19) 


min 


V  -  ItiK^  Kj)f  . 


(4.20)  subject  to  Kj^  +  Kg  <  K 


The  eO-locatlon  problem  is  one  with  multiple  'aims'.  Thus,  as 
discussed  in  Section  4.2.2  no  single  'optimum'  solution  can  be  obtained 
without  the  knowledge  of  the  preferences  of  the  'policy  maker'.  Since 
we  are  not  assuming  any  explicit  form  of  the  'welfare  function',  we 
shall  have  to  confine  our  discussion  to  'Pareto  optimum'  set  of  solutions. 

Let  the  Line  AB  in  Figure  2  represent  the  eapitsil  restriction 

(4.20).  Then  OAB  Is  the  feasible  set.  Also,  let  4^  be  the  maximum 
attainable  total  gain  under  the  restriction  (4.20),  and  C  the  point  at 
which  this  income  is  reached.  Then  the  equi- income  curve  will  be 
tangential  to  AB  at  C,  further  at  C  we  have. 


(4.21) 


S4  ^  S4 


=  \ 


c 


The  second  'aim'  (4.19)  depends  only  on  the  single  variable  Kj^. 

It  Is  also  an  Increasing  function  of  K^.  Thus  equl-varlance  lines  will 
be  pareJJ.el  to  the  01^  axis  and  increase  with 

We  shall  next  show  that  the  line  segment  BC  of  Figure  3^  is  the 
'I^o^to  optimum'  edlocatlon  set  for  capital  endowment  K. 

For  any  point  In  the  Interior  of  OAB,  consider  the  point  at  which 
the  line  through  it  parallel  to  OB  intersects  AB.  This  latter  point 
will  have  the  same  veuriance  but  a  higher  income  coii3>ared  to  the  former 
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point.  Therefore,  for  every  point  on  the  interior  of  OAB,  there  is  a 
more  preferred  point  on  AB.  Also,  hecause  of  the  convexity  of  the 
equi-income  curves,  the  equi-lncome  curve  passing  through  every  point 
on  AC  will  Intersect  BC  or  OB.  Therefore,  to  every  point  on  AC, 
there  is  a  point  on  OBC  which  has  the  seune  income  but  lower  variance, 
hence  points  preferred  to  points  on  AC.  But  since  B  is  preferred  to 
all  points  on  OB,  the  line  BC  represents  the  'Pareto  optimum'  set 
for  the  above  problem. 

Let  OCC  in  Figure  3  be  the  locus  of  points  of  maximum  income 
for  different  endowments  of  capital.  We  shall  now  show  that  this  locus 
OCC  is  convex. 

At  slLI  points  of  OCC,  from  equation  (4.21)  we  have. 


Now  because  of  our  assumption  of  diminishing  returns  to  scale  in  the 


export  sector,  the  marginsd.  returns  to  decrease  with  every  Increase 
in  K^.  However,  the  assumptions  for  the  domestic  manufacturing  sector 


makes  its  returns  to  scale  constant.  Though 


S<I> 


is  a  function  of 


both  and  the  influence  of  on  this  function  is  very  small. 


Thus  the  marginal  returns  to 


Si 


would  decrease  faster  than  the  mar* 


glnaJ.  returns  to  ^  .  Therefore,  we  have. 


(4.22) 


Therefore,  the  locus  OCC  is  convex.  It  also  follows  from  this  that 
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as  we  proceed  along  this  locus  the  proportion  of  income  in  the  domestic 
manufact^lring  sector  would  increase. 

The  investment  decisions  that  arise  in  practice  is  not  the  allo¬ 
cation  of  the  total  resources  but  the  allocation  of  marginal  Investment 
given  the  historical  distribution  of  investment.  Due  to  the  long  run 
nature  of  the  Investments,  the  investment  allocated  in  the  past  cannot 
be  changed,  at  least  in  the  short  run.  We  shall  next  consider  the 
problem  of  allocation  of  marginal  income. 

In  the  demand  equation  for  the  products  of  the  domestic  manu¬ 
facturing  sector  we  considered  the  demand  to  vary  only  with 

Income.  The  possibility  of  Import  substitution  or  the  possibility  of 
creating  new  demand  is  not  considered.  The  allocation  decision  would 
depend  very  much  on  whether  the  new  investment  is  to  go  to  the  Increase 
of  the  capacity  of  the  old  industries  or  for  import  substitution.  We 
first  consider  the  problem  of  allocation  of  marginal  investment  when  the 
demand  function  is  as  in  (3.48),  next  the  possibility  of  the  shift  In 
the  demand  function  with  import  substitution  is  considered. 

Let  B'C'A'  in  Figure  3  be  the  capital  restriction  corresponding 
to  a  total  endowment  of  K  +  ^,  or  BCAA'C’B’  is  the  increase  of  the 
feasible  set  corresponding  to  an  Incremental  Increase  of  capital. 

We  know  that  B'C  is  the  new  'Pareto  optimum'  set.  The  position  that 
could  be  reached  on  B'C  would  depend  on  the  historically  given  position 
on  BCA.  If  all  of  the  capital  stock  K  had  been  previously  atUocated, 
the  historical  distribution  would  be  on  some  point  of  ABC,  not 
necessarily  on  BC.  If  this  position  is  on  H^A  of  AB,  then  it  is 
clear  that  the  whole  of  the  increment  in  investment  will  be  allocated 
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into  the  domestic  manufacturing  sector,  i.e.,  ^  =  K^.  But  if  the 

historically  given  position  is  on  there  will  be  more  than  one 

possible  distribution  of  investment  allocation.  The  choice  of  the 
'optimum'  distribution  would  depend  on  the  'welfare  function'  of  the 
'policy  maker'.  For  points  closer  to  C  the  total  exi)ected  Income  is 
high,  but  so  also  is  the  variance.  For  example  if  the  historically  given 
position  is  the  policy  maker  will  have  a  choice  in  the  region 

Jl  Jg* 

Next  consider  the  possibility  of  a  shift  in  the  demand  function. 
Such  a  shift  could  arise  in  many  weiys.  It  could  ari^e,  for  instance, 
from  a  new  ability  to  produce  domestically  a  commodity  which  has  so  far 
been  imported,  or  hy  the  substitution  of  a  domestically  produced 
commodity  for  a  imported  good.  Before  considering  the  allocation  policy, 
we  shall  consider  the  effect  of  the  shift  in  the  demand  function  on  the 
'Pareto  optimum'  et. 

A  positive  shift  in  the  demand  function  will  Increase  the  marginal 
gain  of  an  Investment  in  i^.  l.e., 


(i^.25) 


-1 

where  is  the  toteil  gain  function  with  the  shift  in  demand,  and  as 

before  9  is  the  totsd  gain  function  without  a  shift  in  demeuid. 

As  before,  we  have  from  equation  (4.21),  the  relation 


di  3$ 
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The  shift  In  the  demand  function  for  the  domestically  manufactured 
products,  does  not  change  the  marginal  returns  to  capital  of  the  e3<port 
SGC^OX*  £LLsO 

*  oIC,  primarily  dependent  on  the  marginal  returns  to  capital 

of  the  export  sector.  Ifeerefore,  ve  have. 


(4.24) 


From  (4.23),  (4.21)  and  (4.24)  ve  get. 


(4.25) 


35^ 


c 


> 


Thus,  the  substitution  of  for  would  Increase  the  net  return. 
If  D  Is  the  new  point  of  mEuclmum  gain,  then  as  in  (4.21)  It  must 
satisfy  the  relation. 


(4.26) 


35''  3*^ 


Therefore,  D  must  lie  on  the  left  of  C. 

Let  OD  be  the  locus  of  maximum  gain  with  the  shift  in  the  demand 
function. 

-1  ' 

If  «  la  the  maximum  gain  that  Is  attainable  with  the  shift  in 
o 

the  demeuid  function,  then  In  general. 


o  o 
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(4.27) 


1 


Figure  3 . 


Figure  4 . 
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This  can  be  seen  in  the  following  manner.  If  4^  is  the  new  equl -profit 
cuirve  at  C,  then  in  general  4^  >  5  . 

For,  at  this  point  the  returns  from  the  export  sector  would  be  the 
ssune  4  and  4^  and  in  general  the  returns  from  the  domestic  manu¬ 
facturing  sector  would  be  greater  for  4^  with  a  positive  shift  of  the 
demand  function.  Further, 

4^  >  4i 
o  C 

Since  4^  is  assumed  to  be  the  maximum,  therefore,  we  have, 
o 


Thus  the  Introduction  of  Import  substitution  has  three  effects  on 
the  'Psireto  optimum'  set.  (a)  Bie  new  'Pareto  optimum'  set  is  a  subset 
of  the  original  set.  (b)  The  maximum  variance  is  reduced,  (c)  The 
maximum  gain  is  now  higher. 

Finally  we  consider  the  investment  decision  when  the  increment  in 
investment  could  go  into  Import  substitution,  or  in  general  would  result 
in  a  shift  of  the  demand  function  of  the  domestic  manufacturing  sector. 

In  Figure  5,  let  A'D'B'  be  the  capital  restriction,  corresponding 
to  an  endowment  of  K  +  and  let  B'D'  be  the  new  'Pareto  optimum' 
set.  Thus  if  the  historically  given  allocation  is  in  the  region  AH, 
the  whole  of  the  Increment  of  investment  would  go  into  the  domestic 
manufacturing  sector.  But  if  the  historical  distribution  is  in  H^B, 
then  there  will  be  more  than  one  allocation  possibility  depending  upon 
the  preferences  of  the  policy  maker. 
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Hie  important  point  to  note  in  this  case  is  that  even  from  a 
'Pareto  optimum'  position  as  from  a  point  on  CH^  of  Figure  5  the  optimum 
decision  with  import  substitution  is  the  allocation  of  the  total  increment 
of  investment  to  the  domestic  manufacturing  sector. 


Figure  5. 
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CHAPTER  5 


ALLOCATION  OF  RESOURCES  WITHIN  SECTORS: 
(1)  EXPORT  SECTOR 


5*1  Introduction. 

In  the  next  two  chapters  we  shall  consider  the  problem  of  allo¬ 
cation  of  resources  among  different  industries  of  the  export  and  the 
domestic  manufacturing  sectors  of  the  economy.  In  the  solution  of  these 
two  problem  we  resort  to  the  techniques  of  programming  under  uncertainty. 
The  problem  of  allocation  within  each  of  these  sectors  gives  rise  to  an 
interesting  problem  in  programming  under  uncertainty.  In  the  export 
sector  the  uncertain  elements,  as  we  have  already  seen,  arise  from  the 
output  and  the  prices  of  the  products  of  this  sector.  While  in  the  case 
of  the  domestic  manufacturing  sectors,  they  arise  from  the  random  demand 
for  the  products  of  that  sector. 

Programming  under  uncertainty  is  in  itself  a  new  and  interesting 
field  of  study.  A  satisfactory  treatment  of  the  general  problem  of 
programming  under  uncertainty  is  not  yet  available  in  the  literature. 

The  only  such  attempt,  as  far  as  we  know,  at  such  an  exposition  is  by 
Madansky,^  though  this  is  quite  original  in  many  respects,  is  not  alto¬ 
gether  satisfactory  as  a  general  treatment  of  the  subject.  We  shall, 
therefore,  briefly  discuss  in  the  next  section  some  of  the  problems  that 
arise  in  progreunming  under  uncertainty,  specially  those  in  relation  to 
the  main  problem  of  our  present  study,  and  suggest  methods  for  their 


Madknsky,  A.,  Some  Results  and  Problems  in  Stochastic  Linear  Pro¬ 


gramming,  Hie  RAND  Corporation,  Research  Papers  P-159o,  January  19,  1959* 
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solution.  GSie  next  part  of  this  chapter  is  devoted  to  the  discussion  of 
the  problem  of  allocation  of  resources  between  industries  of  the  export 
sector. 


5.2  Programming  Under  Uncertainty. 

The  general  mathematical  programming  problem  can  be  stated  as  the 

determination  of  an  activity  vector  x  *  {x^ ,  x^,  ...  ,  x  ),  such  that 

1  £  r 


(5.1) 

max. 

f(x^,  Xg,  ...  ,  x^) 

(5.2) 

subject  to. 

g^(x^  ...  xp  <  k  .  1,  2,  ...  ,  n 

and  x^  >  0 

where  f,  g^,  ...  ,  g^  are  functions  defined  on  x^^,  Xg,  ...  , 

and  c. .  ...  .  c  are  constants. 

1'  ^  n 

The  programming  problem  under  uncertainty  could  be  said  to  arise 
when  some  or  all  of  the  parameters  of  (5»1)  or  (5*2)  are  random  variables^ 
i.e.,  if  any  of  the  coefficients  of  the  functions,  f,  g^,  . . .  ,  g^  or 
if  any  of  the  constants  c^,  ...  ,  c^  are  random  variables . 

In  the  recent  literature,  there  are  quite  a  few  papers  dealing  with 
programming  problems  under  uncertainty.^  Many  of  these  problems  arise 


-I  Danzig,  G.  B.,  "Linear  Programming  Under  Ifacertainty",  Management 
Science,  Vol.  1,  (1955)/  PP*  197-206;  Elmagraby,  S.,  "Programming  Under 
Itocertalnty",  Ph.D.  Thesis,  Cornell  University,  1958)  Markovitz,  H., 
"Optimisation  of  Quadratic  Functions  with  Respect  to  Linear  Constraints", 
Maval  Research  Logistic  Quarterly,  Vol.  5,  (I956),  pp.  111-133;  also  by 
the  same  author,  Portforlio  Selections,  Cowles  Commission  Monograph  I6, 
(New  York;  John  Wiley  and  Sons,  Inc.,  1959)  Chapters  7,  8  and  9) 
Madansky,  A.,  op.  cit.  and  Inequalities  for  Stochastic  Programming,  The 
RAND  Corporation,  Research  Papers  P-1600,  November  19,  1950. 
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from  interesting  and  Important  practical  problems,  which  points  to  the 
laportance  of  programming  under  uncertainty  as  a  tool  in  applied  research. 

Madansky  in  his  analysis  of  the  general  programming  problem  under 
uncertainty,  differentiates  between  two  groups  of  problems;  (i)  where 
the  outcome  from  the  random  variables  are  known  before  the  choice  of  the 
optimum  activity  vector,  (li)  where  the  choice  of  the  activity  vector 
has  to  be  made  before  any  knowledge  of  the  outcome  of  the  random  vari¬ 
ables.  The  first  is  a  solution  'ex-post'  while  the  second  is  a  'ex -ante' 
solution  with  respect  to  the  random  variables.  We  shall,  therefore, 
call  these  the  'ex-post'  and  the  'ex-ante'  problems  respectively.^  This 

breakdown  is  a  useful  one,  specially  in  relation  to  some  inequalities 

4/ 

derived  by  Madansky.-' 

The  method  of  solution  of  the  'ex-post'  problem  is  the  same  as  the 
methods  of  solution  of  the  programming  problem  under  certainty.  However, 
there  is  a  probabilistic  Interest  in  this  problem  too;  namely,  the 
analysis  of  the  distribution  of  this  solution  for  different  values  of 
the  random  variables,  further,  this  is  related  to  the  'ex-ante'  solution 
by  the  Madansky  inequalities. 

However,  the  more  Interesting  is  the  'ex-ante'  problem.  The  deter¬ 
mination  of  solutions  to  this  problem  raises  the  more  general  question 
of  decision  under  uncertainty.  Decision  under  uncertainty  has  been 
widely  treated  in  the  literature,  and  therefore,  we  need  not  go  into  it 


"  Madansky  uses  the  terms  'wait-and-see'  and  'here-and-now'  to  denote 
these  two  types  of  problems,  however,  we  prefer  to  use  the  above  terms 
'ex -post'  and  'ex-ante'. 


y 


Inequalities  for  Stochastic  Programming,  op.  cit. 
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in  detail  here.  It  should  be  noted  that  the  solution  of  such  a  problem 
would  be  optimum  only  in  the  'ex-ante'  sense,  and  not  necessarily 
optimum  'ex -post',  once  the  values  of  random  variables  are  known.  Pro¬ 
gramming  under  uncertainty  also  raises  the  possibility  of  the  optimum 
'ex-ante'  activity  vector  being  non- feasible. 

Madansky-^  in  his  analysis  lays  rather  strong  emphasis  on  the 
feasibility  of  the  optimum  activity  vector.  It  seems  to  us,  however, 
that  the  question  of  feasibility  should  be  Incorporated  within  the  gene¬ 
ral  solution.  When  the  coefficients  of  the  restriction  f,  g^,  ...  ,  g^ 
or  of  the  coefficients  c^,  ...  ,  c  are  random  variables,  the  feasi- 
billty  of  the  optimum  set  of  activities  will  not  be  certain.  Thus  under 
such  conditions  the  feasibility  of  the  optimum  'ex-ante'  solution  would 
arise.  The  approach  suggested  by  Madansky,  namely  the  restriction  to 
only  those  activities,  the  probability  of  whose  feasibility  is  greater 
than  a  given  value  P,  does  not  seem  to  be  quite  appropriate.  For, 
firstly,  unless  P  =  1,  this  does  not  completely  eliminate  the  non- 
feasibility  of  the  optimum  'ex-ante'  solution.  Secondly,  this  classifies 
the  activities  into  two  groups,  and  this  implicitly  assumes  that  the 
consequences  of  a  choice  of  an  activity  within  either  of  these  groups  is 
the  same.  It  is  very  likely  that  the  suitability  of  an  activity  would 
depend  on  the  extent  of  the  non-feasibility  of  the  activity  vector.  For 
example,  in  the  problem  that  we  would  be  discussing  in  the  next  chapter, 
the  constant  c's  of  the  restrictions  would  become  the  random  demand, 
and  the  activity  vector  would  be  represented  by  planned  output,  hence 


examples  I,  II,  and  III  on  pages  2  and  3* 
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the  'ex-ante'  optimum  output  vector  need  not  be  feasible.  Non- feasibility 
in  this  case  means  the  production  of  output  in  excess  of  demand,  and  the 
consequence  of  such  excess  production  would  depend  on  the  extent  of  such 
over  production.  Thus  the  consequences  would  not  be  the  same  for  all 
non-feasible  activity  vectors. 

We  next  consider  another  approach  to  the  'ex-ante'  problem.  Con¬ 
sider  the  real  valued  function  y\.(x,  z)  for  every  possible  activity 
X  and  every  possible  outcome  of  the  random  variable  z.  The  function 
A  can  be  Interpreted  as  'pay  off  function  in  a  geune  against  nature. 
Following  our  terminology  in  Section  4.2.2  of  Chapter  h,  this  function 
could  be  called  the  'aim'  of  the  programming  problem.  Or,  represents 
the  consequence  of  the  selection  of  the  activity  x  and  z  the  outcome 
of  the  random  variable.  So  that  the  'best'  solution  to  the  above  problem 
is  to  select  an  activity  vector  x,  which  maximises  (or  minimises) 

A(x,  z). 

It  is  quite  possible,  that  there  would  be  not  a  single  such  func¬ 
tion,  but  a  vector  of  such  functions;  such  that  the  betterment  of  one  of 
these  functions  does  not  necessarily  lead  to  the  betterment  of  the  other. 
In  Section  4.2.2  of  Chapter  4,  we  had  in  connection  of  Investment  policy 
of  under  developed  countries,  a  case  of  conflicting  multiple  'alms',  as 
the  maximisation  of  employment,  maximisation  of  employment  and  the 
reduction  of  the  extent  of  the  fluctuations.  Ihus,  we  shall  assume  the 
existence  of  multiple  'alms'  of  the  multiple  criteria  of  the  progrannilag 
problem.  Let  these  be  represented  in  the  form, 

(5.3)  A<x,  z)  =  CA^Cx/  z)/  •••  /  Ai(^>  2),  ...  .  •)) 

where  Aj^  corresponds  to  the  1^^  criteria. 
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If  the  values  of  z  were  assumed  to  be  known  as  in  the  case  of 
the  'ex-post'  problem,  the  above  criteria  would  all  be  functions  of  a 
single  variable  x,  and  hence  the  problem  is  similar  to  the  problem 
considered  in  Section  h.2.2.  There  we  said  that,  in  a  problem  with 
multiple  'aims',  the  best  that  could  be  done  by  the  'planning  authority' 
was  to  obtain  a  'Pareto  optimum'  set  of  solutions,  and  the  optimum 
activity  level  has  to  be  obtained  in  accordance  of  the  'welfare  function' 
of  the  'policy  maker', 

•A-2'»  *  -A-n^  * 

We  shall  assume  here,  as  in  Section  4.2.2,  that  the  explicit  form  of 
this  welfare  function  is  now  known. 

Now  consider  the  'ex-ante'  problem.  We  shall  assume  that  the 
a  priori  probability  distribution  of  the  random  variable  z  is  known. 

In  decision  under  uncertainty,  when  the  a  priori  probability  distribution 
is  known,  the  most  appropriate  proceedure  is  Bayes  solution.  The  'Pareto 
optimum'  set  of  the  Bayes  solution  can  be  obtained  in  the  following  manner. 
Let, 

(S.k)  A,W=|  K  (x,  z)  p(z)  dz  for  1  s  1,  2,  ...  ,  n 

•*z 

and 

(5*5)  ^ * 

The  'Pareto  optimum'  set  defined  for  the  vector  (5.5)  will  be  the 
'Pareto  optimum'  Bayes  solution  for  the  'ex-ante'  problem. 
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If  the  a  priori  probahility  distribution  is  not  known,  other 


criteria  for  decision  under  uncertainty  such  as  minlmax  principle, 
minimax  loss  principle,  minimax  regret  principle  and  minimum  most  likely 
criteria  are  available  in  the  literature  on  decision  under  uncertainty. 
The  'Pareto  optimum'  solution  for  the  'ex-ante'  problem  with  multiple 
'aims'  could  be  defined  for  each  of  these  criteria  in  a  manner  similar  to 
the  Bayes  form.  Since  in  the  problems  that  we  will  be  considering,  the 
a  priori  probability  distribution  is  assumed  to  be  known,  we  would  be 
concerned  with  only  the  Bayes  form  of  the  solution. 

5.3  Allocation  within  the  Export  Sector. 

In  this  section  we  shall  consider  the  problem  of  allocation  within 
the  export  sector  of  the  econony,  as  a  problem  in  programming  under 
uncertainty.  The  export  secto?  as  we  saw  in  Chapter  2,  produced  commodi¬ 
ties  purely  for  export.  The  prices  for  the  products  were  assumed  to  be 
determined  in  the  world  market  and  were  subject  to  fluctuations.  Ihe 
output  of  these  commodities  too,  depending  on  climatic  conditions^  and 
hence  were  subject  to  fluctuations.  It  was  further  assumed  tliat  the 
whole  of  the  product  was  sold  in  the  world  market  at  the  going  price. 

We  shall  now  assume  that  there  are  r  possible  commodities  that  could 
be  produced  in  this  sector  of  the  economy,  each  of  these  commodities 
having  a  character  similar  to  the  aggregate  commodity  considered  in 
Chapter  3*  That  is,  each  of  these  commodities  has  a  production  function, 
price  mechanism  and  returns  similar  to  the  aggregate  commodity,  with  the 
values  of  the  coefficient  differing  sunong  the  different  commodities.  We 
shall  assume  that  the  distribution  in  toteil  proceeds  (output  x  price)  for 
each  of  the  commodities  is  a  random  variable  of  known  probability  dis¬ 


tribution. 
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We  also  assume  that  there  exist  two  maximising  criteria  for  invest¬ 
ment  policy  in  this  sector  of  the  economy,  (l)  The  maximisation  of  the 
total  returns  from  the  sector.  (2)  The  minimisation  of  the  fluctuation 
in  the  income  of  this  sector. 

The  programming  problem  under  uncertainty  can  be  formally  stated 
as  follows: 

Let  the  output  of  the  i^  of  these  commodities  be  of  the  form, 

(5.6)  =  f^(L^)  i  =  1>  2,  -  r 

where  is  the  production  function  of  the  i*^  Industry,  having 

diminishing  returns  to  land  and  having  a  form  similar  to  equation  (3.1) 
of  Chapter  5. 

The  decision  variable  is  the  amount  of  capital  that  is  to  be 
allocated,  capital  to  land  ratio  is  assumed  to  be  constant, 

(5.7)  ^1  ~  ^11  ^1  ^  2,  •••  ,  r 

where  are  assumed  to  be  constants. 

Land  is  assumed  to  be  available  in  unrestricted  amounts,  but  the 
returns  to  each  additional  unit  of  land  diminish  with  each  additional 
unit  of  land,  and  it  is  the  total  available  capital  that  is  the  limiting 
resource  of  allocation.  The  variable  representing  strategy  of  'state 
and  nature'  is  the  random  variable  z. 
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We  have  the  follovlng  prograsming  problem; 


(5.8) 


(5.9) 


max.  f(L^) 

max.  A^.-Y..r.»P 


subject  to 


(5.10) 


f‘l(l'l)  >  0 


where 


(5.11) 


and  f2  Is  a  variance- covariance  matrix;  w^j  the  IJ^^  term,  which 

corresponds  to  the  covariance  of  z  z  . 

*  J 

There  Is  one  major  difference  between  the  above  formulation  and 
that  In  Chapter  5*  In  Chapter  5,  we  showed  that  profit  mEoclmlsatlon 
lead  to  the  working  of  the  Industry  under  full  capacity  for  low  enough 
values  of  z.  Here,  for  the  slxpllclty  of  analysis,  we  sheiU  assume 
that  the  Industries  of  this  sector  will  work  at  full  capacity  for  all 
values  of  z . 

The  problem  Is  one  of  multiple  criteria,  the  'best'  that  the 
'planning  authority'  could  do  is,  therefore,  the  determination  of  the 
'Pareto  optimum  set'.  The  choice  of  the  optimum  activity  vector  from  the 
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'Pareto  optimum'  set  will  be  made  by  the  'policy  maker'  according  to  the 
Social  welfare  function,  which  is  not  known  to  the  'planning  authority' . 

First  we  shall  determine  the  'Pareto  optimum'  set  of  activities  in 
the  allocation  problem  with  two  industries  and  then  later  extend  to  the 
case  of  many  industries. 

Let 

\i 

(5.12)  ^  =  f^(L^)  , 

and  then 


(5.13) 


The  problem  of  allocation  between  two  industrleB  of  the  export  sector 
can  be  stated  as, 


(5.8')  max.  All  “  *1  ^1  *2  ^2 

(5.9')  max.  Ai2  =  "V  =  -  [^i  t^i  +  2Xj^  *2  ®12  ^  ®2^ 


(5.10')  subject  to. 


IT  ^ 

<11  i  1 


-1 


>  0 


where 


(5.14) 


^i  * 


117 


and 


(5.15) 


«  Var  ,  and  cr^  *  Cov  z^  Zg 


NOW;  for  each  value  of  shall  determine  the  value  of  x 


that  maximises  •  Let, 


(5.16)  t  =  +  2x^  ^2  ‘^12  ^  ‘^2  ^11  ”  ^1  *1  ‘  ^2  *2^ 


Iherefore. 


(5.17) 


g  •  2»1  4  *  "12  -  '^1 


g  .2x^012.  2Xj  -  2X 


and 


All  =  “1  *1  ♦  >*2 


x'  =  [x^;  Xg]  the  solution  to  equations  (5. 17),  represents  the  naximum 
of  7\.i2  given  value  of  i.e.,  x'  is  a  'Pareto  optimum' 

point.  Thus,  the  locus  of  all  such  points  would  represent  the  'Pareto 
optimum'  set  for  the  above  problem,  without  the  capital  constraint  (5.10'). 
If  X '  is  a  point  of  this  locvis,  it  satisfies  the  relation, 

(5.18)  X  -  ~[x^  0^  +  Xg  -  ^[Xj^  °12  *2 


118 


i.e.,  the  equation  of  the  unconstrainted  'Pareto  optimum'  is  given  by, 


(5.19) 


+  a. 


12  1 


12  2 
xl  +  xl 


2  2 


or 


(5.20) 


Ml  02 


012  M2 


M2  01  M  012  Ml 


Therefore,  the  'Pareto  optimum'  set  of  unconstrained  problem  can  be 
represented  by  the  positive  ray  defined  by  the  relation. 


(5.21) 


P 


where 


(5.22) 


^  “  ^2  ^^2  “  '^12  ^1 


B  =  Ml  01  -  012  M2 


and  x^,  Xg  are  positive  and  feasible,  p  could  be  considered  as  a 
distance  parameter. 

Equation  (5. 10')  represents  the  capital  restriction,  this  is  an 
non-linear  relation  in  x^  and  x^.  We  shall  now  determine  the  nature 
of  this  restriction  for  a  simple  form  of  the  production  fimction  of  the 
export  sector.  Let  the  production  functions  take  the  following  slnple 
form. 


(5.24) 


Xg  =  “  ^21  ^2  " 


^22  2 


where  the  P's  are  constants.  It  is  clear  that  if  3^  and  p^g  are 
positive  the  assumption  of  diminishing  returns  will  be  satisfied. 

Eliminating  Lg  between  (5.24)  and  the  equality  represented  by 
(5*10')  e3q>res8ed  in  the  form. 


we  get, 


(5.25) 


.  @21  '^laCK  -  I'l)  -  @22  4(5^  - 

_  2  —2  ^12  ^^22  ^ 

=  (Pgl  K  -  Pgg  <3^  k")  .  (Pg,  ^ 

ft  ^ 

■  ^22  7" 

11 


=  Po  -H  Pi  Li  -  Pg 


Now  eliminating  between  (5.25)  and  (5.25)  we  get. 


(5.26) 


-^1  *1 

*1  ^12 

Pl2 

“ii 

•h 

^2  ”  ^0  ^2 

XD 

ro 
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Figure  1 
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therefore,  the  capital  restriction  or  the  production  possibility  curve 
for  maximum  output,  for  the  tvo  industries  can  he  represented  in  the 
form, 

(5.27)  tx^  @2  -  ei2(x2  -  #2)1^  -  (@1  @12  -  »2  Pu)fPl  *1  -  ' 

This  is  an  equation  of  a  parabola. 

In  the  x^,  Xg  space  the  first  'aim'  jY  ^  could  be  represented 
by  parallel  straight  lines,  and  -A.  g  by  equi-variance  ellipses.  The 
ray  given  by  the  equation  (5*21)  corresponds  to  the  locus  of  tangents 
points  of  _/\_  2  to 

In  Figures  1,  2,  and  3  let  AB  represent  the  capital  restriction. 

Then  the  feasible  set  of  activities  is  given  by  the  area  OAB.  Also 
let  D  be  the  point  at  which  (5.21)  Intersects  the  capital  restriction 
barrier  AB.  To  every  point  on  the  interior  of  OAB  there  is  a  point 
on  OD  or  on  AB,  which  has  the  seune  value  for  J\.  ^  but  a  higher 
value  for  _/\_  and  hence  preferable  to  it.  It  is  then  clear  that  OD 
constitutes  a  part  of  the  'Pareto  optimum'  set.  The  rest  of  the  'Peureto 
optimum  set,  as  we  shall  see,  will  be  a  part  of  the  curve  AB. 

Three  possibilities,  as  represented  by  the  above  three  figures 
could  arise  depending  on  the  manner  in  which  the  equi-variance  curve 
Intersects  AB  at  D. 

In  Figure  1,  the  slope  of  the  equi-variance  curve  at  D  is  greater 
than  that  of  AB.  From  the  figure  it  is  clear  that  the  'Pareto  optimum' 
set  in  this  case  is  given  by  ODB.  But  if  the  slopes  are  reversed  as 
in  Figure  2,  the  'Pareto  optimum'  set  is  given  by  ODA.  The  third 
possibility  is  when  the  two  curves  touch  at  D,  as  in  Flguz*e 
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In  this  case  the  'Pareto  optimum'  set  would  consist  of  only  the  part  of 
the  ray  OD.  The  other  possibility  AB  touching  the  equi-variance 
curve  from  outside,  does  not  change  this  result. 

The  optimum  activity  vector  could  be  determined  from  the  'Pareto 
optimum'  set  if  the  'welfare  function'  of  the  'policy  maker'  were  known. 

Consider  the  following  simple  form  of  the  'welfare  function'  of 
the  'policymaker', 

(5.28)  W(A^  A2)  =  A^^  +a  Ag 

If  we  substitute  for  A  ^  and  Ag#  equation  is  a 

quadratic  function  in  and  x^.  If  we  substitute  for  x^  and  x^ 
from  equation  (5.21),  (5*28)  becomes  a  function  of  the  single  variable 
PI  further,  this  is  an  increasing  function  p.  Therefore,  the  behavior 
of  this  function  can  be  discussed  as  a  function  of  the  single  variable 
p.  The  special  interest  of  the  above  case  is  that,  any  quadratic  form 
can  be  expressed  in  a  form  similar  to  (5.28),  and  thus  the  method  of 
solution  of  the  above  problem  can  be  extended  to  the  solution  of  problems 
of  quadratic  programming.^ 

We  shall  now  extend  the  solution  of  the  above  two  industry  cases 
to  the  general  r  Industry  problem. 

The  method  of  solution  of  quadratic  programming  problems  discussed 
by  Markovitz,  in  the  Journal  article  and  the  book  cited  above,  is  very 
similar  to  this  method. 
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The  programming  problem  for  the  general  case  can  be  written  as. 


(5.8”) 


max. 


A  = 

•'^11  itl  ^  ^ 


(5.9") 


max.  -^12  “  =  -  x’  fi  X 


(5.10")  subject  to 


1=1  11  ^ 


and 


and 


and  4  s 


and  fl  is  the  variance  covariance  matrix  of  z^,  z^,  ...  ,  z^. 

The  'Pareto  optimum'  set  for  the  unrestricted  programming  problem 
can  be  in  the  following  form..  Let 


(5.29) 

dlfferenclatlng, 

(5.30) 


t  =  x'  fi  X  + 


dilr 

g  =  2x'  fi  -  21  u 


thus,  the  meixlmum  value  of  Ai2  for  any  given  value  of  A„, 


satisfies  the  equation. 


(5.31) 


X  =  X  fi  ^ 


12J+ 


4 


Therefore,  we  can  represent  the  'Pareto  optimum*  of  the  unrestricted 
case  by  the  following  equation, 


(5.32) 


^2 


•  •  • 


•  •  • 


=  P 


th  “1 

where  is  a  vector  representing  the  i  row  of  the  matrix  fl  ,  and 

p  is  a  distance  parameter. 

The  equation  (5.32.)  defines  the  equation  of  a  ray  through  the 
origin;  for,  positive  values  of  x  this  would  be  a  ray  in  the  positive 
quadrant . 

The  determination  of  the  explicit  form  of  the  capital  restriction 
(5.10"),  which  is  also  the  maximum  production  possibility  surface  for 
the  sector,  is  rather  difficult.  However,  because  of  the  assumptions 
of  diminishing  returns  to  the  different  industries  of  this  sector,  it 
can  be  proved  that  this  surface  is  concave.  Let  this  surface  be  expressed 
in  the  form. 


(5.33) 


Q(K)  =  Q(Xj^/  ...  f  x^) 


Then  the  'Pareto  optimum'  set  for  the  above  problem  including  the 
capital  restriction  can  be  determined  by  maximising  the  function  \|r 
with  the  added  restriction  (5.33).  i.e.,  consider  the  lagranglan. 


(5.34)  =  X'  fi  X  +  2\^(  -  4'  x)  +  2X2[Q(K)  -  Q(x)] 


125 


dlfferenclating  we  get  the  equations. 


(5.35)  2  n  X  -  H  -  2^2  =  0 

where  is  a  vector  ^  ^  ^ 

Thus,  the  'Pareto  optimum*  set  for  the  above  general  problem  would 
consist  of  the  part  of  the  ray  (5*32)  lying  In  the  feasible  set,  and  a 
curve  on  the  surface  (5*33)  given  by  the  equations  (5*35) • 
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CHAPTER  6 

ALLOCATION  OF  RESOURCES  WITHIN  SECTORS: 
(11)  DOMESTIC  MANUFACTURING  SECTOR 


6.1  Introduction. 

In  this  final  chapter  we  shall  take  up  the  problem  of  allocation 
of  resources  within  the  domestic  manufacturing  sector  of  the  economy. 

We  have  seen  that  the  demand  for  the  products  of  this  sector  are  subject 
to  random  variations.  This  Is  different  from  the  problem  considered  In 
the  previous  chapter,  where  the.  random  variations  arose  In  the  prices 
and  the  output. 

The  analysis  of  this  problem  too  shall  be  considered  as  a  problem 
In  programming  under  uncertainty.  However,  the  basic  form  of  this  pro¬ 
gramming  problem  Is  different  from  the  programming  problem  that  we  con¬ 
sidered  In  the  previous  chapter.  There  the  random  variables  occurred  In 
the  criteria  function,  while  here  they  arise  In  the  restriction  In  that 
the  Industries  would  only  meet  existing  demand. 

The  problem  under  consideration  is  the  determination  of  the 
optimum  capacity  of  a  set  of  Industries  when  the  denand  for  their  pro¬ 
ducts  are  uncertain.  The  capacity  being  determined  before  knowing  the 
demand,  this  Is  again  an  'ex -ante'  problem.  Similar  problems  In  pro¬ 
gramming  under  uncertainty  have  been  discussed  by  Danzig^  and 
2/ 

Elmagraby.-'  The  problem  that  we  shall  be  considering  however.  Is  of 
a  more  general  nature,  and  we  believe,  has  a  possibility  of  wider 
applicability,  than  to  the  solution  of  the  Immediate  problem. 


w 

l! 


'Linear  Programming  Under  Uncertainty',  op.  cit. 
'Programming  Under  uncertainty',  op.  cit. 
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In  the  next  section,  therefore,  we  shall  discuss  this  programming 
under  uncertainty  problem  in  a  more  general  context.  And,  in  the 
following  section  apply  these  resxilts  to  the  specific  problem,  alloca¬ 
tion  within  the  domestic  manufacturing  sector  of  our  model. 


6.2  Inter-industry  Model  with  Random  Demand. 

6.2.1  The  Programming  Problem  emd  its  Maximising  Criteria.  The  problem 
is  that  of  allocation  of  resources  among  a  group  of  r  industries, 
when  the  demand  for  the  products  of  these  industries  are  uncertain. 

The  random  variables  in  this  programming  problem  arise  in  the 
restrictions .  The  output  is  assumed  to  be  less  than  or  equal  to  demand, 
and  this  demand  is  a  random  variable.  As  discussed  in  Section  5*2  of 
Chapter  5^  when  the  random  variables  arise  in  the  restrictions,  we  have 
the  possibility  of  non-feasible  solutions  of  the  programming  problem. 

In  discussing  the  methods  of  solution  of  such  problems,  we  concluded 
that  the  most  appropriate  proceedure  for  their  solution  was  to  associate 
the  losses  arising  from  non-feasibility  into  the  maximising  criteria. 

Further,  in  the  present  problem,  we  shall  assume  only  a  single 
'aim'  or  criteria}  the  maximisation  of  the  total  net  returns  from  the 
group  of  industries.  Thus,  we  would  not  have  to  obtain  a  'Pareto 


optimum'  as  we  did  in  the  previous  chapter. 

Let  dj  be  the  demand  for  the  product  of  the  Industry, 

and  let  the  cumulative  probability  distribution  of  d.  given  by 

J 

Pj(dj),  dj  >  0. 

It  is  assumed  that  the  output  of  each  industry  in  any  given  period 


of  time,  is  only  to  meet  the  demand  for  that  period.  Thus,  when  demand 


is  less  than  output  at  full  capacity,  capacity  would  be  less  than  fully 


utilised. 
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'  a 


V  8  *0  With  ■''^4  >  0  8.  >  0 

0  J  J  J  " 

It  Is  assumed  that  excess  demand  results  in  losses  of  a  known 
form,  and  that  these  could  be  measured  In  the  same  units,  in  which  the 
returns  to  the  industry  are  measured.  Such  losses  could  arise  for 
Instance  due  to  the  commodities  having  to  be  impoirted,  causing  a  drain 
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on  foreign  excheuige.  Let  the  loss  function  due  to  excess  demand  be 
represented  in  the  form, 

'  ''3-° 

Similarly  there  would  be  losses  arising  due  less  than  full  utili¬ 
sation  of  capacity.  Let  this  function  be  represented  in  the  form, 

Tlj(8)  ,  8  >  0 


We  make  the  assumptions, 

lj(0)  =  Tij(o)  =  0 


and  that  and  -ii.(x)  are  concave  functions.. 

Thus  the  net  gain  to  the  J  industry  can  be  represented  in  the 

form. 


(6.1.) 


■  ’‘j  -  '3 '''3' 


■*3  ^  *3 


^3  ■  ''3‘=3' 


The  total  gain  from  the  r  industries  can  be  represented  in  the  form, 

r 

(6.5)  •••  >  *”  ^  *^r^  "  ^ 

This  function,  which  incorporates  the  losses  due  to  non-feMibility, 
is  the  new  maximisation  criteria  of  the  programnlng  problem.  We  see 
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that  this  function  depends  on  the  random  variables,  *^2  ^r* 

problem  in  decision  under  uncertainty  is  simileu:  to  that  which  arose  in 
the  previous  chapter.  We  concluded  in  that  connection  that  if  the 
probability  distribution  of  the  random  variables  were  known,  the  ‘best* 
available  proceedure  was  the  maximisation  of  the  expected  value,  we 
shall  do  the  same  here. 

The  total  expected  gain  from  the  r  industries  is. 


*  »  E((p)  =  B[  ^  (Pj(Xj|d^)] 

(6.6) 


Therefore,  we  see  that  the  total  expected  gain  is  equal  to  the 

sum  of  the  expected  gains  of  the  different  industries. 

th 

The  expected  gain  of  the  J  Industry  can  be  obtained  from 
equation  (6.U)  in  the  form. 


(6.7) 


B(9^)  .  Xj 


((x^  -  4,)  +  nj(Xj  -  dj))  d  Pj(dj) 


Since  the  functions  assumed  to  be 

concave,  it  follows  from  the  theorem  stated  in  Chapter  V,  (page  97), 
that  E(9.)  is  a  concave  fvinction  in  X.. 

J  V 
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The  maximum  veilue  of  this  concave  function  Is  given  by  the 


equation, 


(6.8) 


1  -  T,j(0)  Pj(Xj)  ♦  tj(0)  Pj(Xj) 

-£■’  (i.njCXj  -dj))  -  Xj)  dF^ 

r 

i-J^  ti.n-(x^-d^))dPj.J^  *j<*j  -  =‘j>  “'j 


=  0 


where  P^(X.)  =  F.(d  ),  and  6'  and  denotes  the  first  derlva- 

J  j  J  J  *5  J 

tlves  of  6.(x)  and  tj  (x)  with  respect  to  x. 

J  J 

We  next  eveduate  the  above  function  for  the  slsiple  case  when  the 
loss  functions  sure  linear,  l.e.. 


(6.9) 


Tij(x)  =  nj  ‘  X 


where  |j  and  are  now  constants. 
We  have. 


r  J 


(6.10) 


-  i 


3 


*  ’j’  •  ‘’'j  ■')<*)>  - 


8jtd^  -  »(Xj)l 
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where 


(6.11) 

(6.12) 


’I '  W 


and,  the  inean  of  the  demand  of  the  industry, 

(6.13)  E(d^)  =  d  =  &(Xj)  +  B'(Xj) 


Equation  (6.8)  reduces  to  the  form. 


(6.1U) 


^  [E(<Pj)l  -  1  -  (1  .  nj)  Fj(Xj)  .  Ijl  1  -  Fj(Xj)l 

.  1  -  (1  .  Ij  .  ,j)  Fj(Xj)  .  ej 


Thus  the  unconstrained  maximum  of  the  criteria  function  is  given  by. 


(6.15) 


1  +  1. 


<  1 


J  *  1,  2,  ...  ,  r. 


Given  the  probability  distributions  of  d.,  the  valued  of  that  satisfies 
this  equation  can  be  obtained,  let  these  vcdues  be  represented  in  the 
form. 


(6.16) 


F"^( 


1  +  1. 


"  *  *  "j 


)  /  J  *  1/  2, 


r  . 


These  represent  the  optimum  capacity  for  the  unconstrained  problem. 
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We  note  further  that, 


(6.17) 


dX 


[E(q)j)] 


-  (nj  -  Sj)  f(Xj)  <  0 


which  also  shows  the  concavity  of  (6.7)' 


6.2.2  Input -output  Model.  Thus  far  we  have  not  specified  the  production 

function  of  the  different  industries.  We  shall  now  assume  that  the  r 

industries  form  an  input -output  model. 

The  r  products,  therefore,  are  assumed  to  be  used  in  the  pro- 

duction  of  other  commodities .  Let  X .  be  the  input  of  the  i 

commodity  used  in  the  production  of  the  J  commodity,  and  X^^  out- 

put  of  the  i  commodity  produced  for  final  demand. 

.th 


The  production  function  of  the  J 
the  form, 


industry  is  assumed  to  be  of 


(6.18) 


X.  =  min 

J 


^1,1 

®1J  '  ^2J 


r+1 


rj 


where  X.  is  the  total  output  of  the  j 
J 


th 


commodity,  and  a 


constants  denoting  the  minimal  input  of  the  i 
til 

output  of  thL.  J  commodity. 

Then  we  have,  i.e.. 


th 


ij 

industry,  per  unit 


*1  ■  ’'ij  *  *10 


(6.19) 


■  2:«ij  *j  *  *10 


i  *  1,  2,  . . .  ,  r 
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These  equations  can  be  represented  in  the  form, 


(6.20) 


[I  -  A]  X  -  Xq 


where, 


A  = 

a, .  ...  a, 

11  Ir 

,  I  = 

1  0  0  •  •  •  0 

0  1.  : 

•  "  i  •' 

,  X  = 

^1 

^10 

• 

• 

•  A 

ij 

:  *0 

' 

'  0 

• 

a^^  .  • .  £irr 

0  *  •  •  0  1 

u.  ^ 

-X^ 

.^rJ 

Therefore, 

(6.21)  X  =  [I  -  A]"^  ^Jl  X^ 


where, 

(6.22) 


Jl  A]’^  = 


•  f  • 


Equation  (6.22)  gives  us  the  relation  between  the  output  for  final 

demand  and  the  total  output  of  these  commodities. 

We  further  assume  that  there  is  one  constraint.  Arising  from  a 

factor  which  is  not  produced  within  the  model,  let  the  input  of  this 

factor  onto  the  J  industry  be  a  .  EUid  the  total  endowment  of 

r+l,  j 

this  factor  be 

Then  we  have. 


(6.25) 


J«1 


r+l,i 


^  Vl 
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or 


^  ^  vi 


where  >  Vl,r^ 


Prom  equation  (6.21)  we  get, 


(6.24) 
let, 

(6.25) 
where, 

(6.26) 


Ji 


X.  <  a_ 


r+l  '"o  -  “r+l 


'WiA  *0  •  i  Vi,i  ==10 

1»1 


X 

^r+l,i  “  ^  ^r+l,J 


'Ji 


The  programming  problem  under  consideration  for  linear  loss 
functions  can  be  represented  in  the  form. 


max. 


«  *  E  E(<pJ 


J=1 

subject  to,  X  *  X 


and 


io  -  r+l 


The  solution  to  this  problem  can  be  considered  in  the  following 
manner: 

(a)  First  consider  the  problem  without  the  factor  restriction. 
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The  optimum  output  for  final  demand  In  this  case  Is  given  8is  In 


equation  (6.16),  In  the  form 


(6.16) 


The  equivalent  total  output  Is  then  given  as, 


J  -  1;  2, 


1  +  L 


,  1  =  1,  2, 


If  this  solution  Is  feasible  (or  If  the  factor  constraint  Is  not  binding), 
l.e..  If 


Vl,J  Vl 


this  Is  the  optimum  solution  to  the  problem. 

(b)  If  the  above  solution  is  not  feasible,  then  the  factor  constraint 
Is  binding.  Then  consider  the  lagranglan. 


(6.27) 


=  2  E(9j(Xj^)]  +  ^r+l,i 


J=1 


J=1 


Dlfferenclatlon  and  using  the  result  of  equation  (6.l4)  we  get 


which  gives  us, 


(6.29) 


1  +  5  -  XA  ^  , 

F  (X  )  =  - ^ 

V  1  +  n, +  s. 


•j 


^  *  *3 


^  *  «3 


also, 


II  -  (I  .  .  Sj)  Fj(Xj„)  .  !jl 


X,  =  ,  X, 

Jo  r+l,J  Jo 


Taking  summation  over  J  and  using  equation  (6.25)  we  get, 

'"t'l  3I ^  *  '•)’  "  'j'  V 

Equations  (6.29)  and  (6.30)  defines  values  optimum  valued  for 
output  for  final  demand,  from  equation  (6.21)  the  total  output  can  be 
determined. 

The  above  analysis  could  be  easily  extended  to  the  general  ce»e 
of  m  factor  restrictions. 

6.3  Allocation  Within  the  Domestic  Manufacturing  Sector. 

We  shall  now  consider  the  problem  of  allocation  of  resources 
within  the  domestic  manufacturing  sector  of  the  economy,  as  an  appli¬ 
cation  of  the  results  derived  in  Section  6.2. 

The  demand  for  the  aggregate  commodity  of  the  domestic  manu¬ 
facturing  sector  was  derived  in  equation  (5*^8)  to  be  of  the  form, 

^2  ‘  ^20  ^  ^21  ^  ^  ^22  * 
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We  shall  now  assume  that  the  demand  is  for  each  of  the  commodities 
of  the  domestic  nanufacturing  sector  to  behave  in  a  manner  similar  to 
the  aggregate  commodity.  Therefore,  let  the  demand  for  the  J  product 
of  this  sector  be  of  the  same  form. 


(6.31) 


^  ^21J  ^  ^  ^22J  " 


J  =  1.  2, 


where  the  b's  are  constants.  As  before  L  corresponds  to  the  land 
under  cultivation  of  the  subsistence  sector,  and  z  the  random  vari¬ 
able  arising  from  the  fluctuations  in  the  prices  and  output  of  the 
export  sector. 

Also,  let  the  returns  of  the  J  industry,  in  a  manner  similar 
to  the  aggregate  commodity  in  eguation  (3.64),  be  expressed  as. 


(6.32) 


*2J  “  *2J  ’ 


-*13  ’ 


z  >  z 

z<z<z}  j»l,  2  - r 

z  <  z 


where 


(as  z  in  Chapter  3)  denotes  the  value  of  z  for  which 


(6.33)  dgj  =  Xgj  J  =  1,  2  -  r 

suid  z  as  before  is  the  value  of  z  at  which  the  export  sector  reaches 
full  capacity,  as  such  it  is  independent  of  Xgj,  emd  therefore  it  is 
the  same  for  all  J . 
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In  the  production  function  of  the  aggregate  commodity  of  this 
sector  we  assumed  constant  capital  output  and  consteuit  capital  labor 
ratios.  We  shall  make  similar  assumptions  for  each  of  the  industries 
of  this  sector. 

We  shall  further  assume  that  as  in  the  case  of  the  aggregate 
commodity  of  this  sector,  that  labor  is  available  in  unrestricted  quan¬ 
tities  and  as  such  is  not  a  restricting  factor  of  production,  and  the 
only  factor  of  production  is  capital,  let  the  capital  available  for 
allocation  in  this  sector  be 

For  the  rest  of  this  analysis,  we  shall  for  simplicity  drop  the 
first  suffix  2  from  these  coefficients  (denoting  that  the  coefficients 
correspond  to  the  domestic  manufacturing  sector) .  Since  we  are  only 
dealing  with  coefficients  in  the  domestic  manufacturing  sector,  for  the 
rest  of  this  chapter  this  will  not  cause  any  ambiguity. 

The  'aim'  of  this  sector  is  assumed  to  be  the  meucimisation  of  the 

net  returns  to  this  sector.  Thus,  assuming  linear  loss  functions,  as 

given  by  equation  (6.9),  for  under  utilisation  of  capacity  and  demand 

in  excess  of  full  capacity  production,  we  obtain  the  following  expected 

t/ii 

net  gain  function  for  the  j  industry,  in  a  manner  similar  to 
equation  (6.10)  as, 

E(,j)  =  Xj  -  (1  .  (Xj  -  XJ)  Pj(z)  dz 

(6.3^^)  -  (1  +  (Xj  -  X**)  Pj(z)  dz 

-  'j  If 

l4o 


This  is  a  concave  function  of  X  ,  and  its  maximum  value  is  given 

J 


(6.55) 


0  =  5^-  E((Pj)  =  1  -  (1  +  nj)£  Pj(^)  dz  -  (1  +  Pj(z)  dz 

00 

.  /j  Pj(') 

t) 

=  1  .  (1  +  Tij)  Fj(i)  +  |j[l  -  Fj(z)] 

=  1  +  -  (1  +  Ij  +  Tij)  F(?) 


Thus  the  maximum  return  from  the  unconstrained  problem  is  obtedned 
when, 


1+1. 


*  'j  *  ’'j 


<  1 


1.  •  6  «  j 

(3.56) 


1 


_ ] 


for  J  =  1,  2,  -  r 


Now  this  value  of  z.  defines  the  optimum  capacity  from  eqxiation  (6.55). 

J 

We  shall  as  in  Section  6.2  now  include  into  the  production  function 


of  these  industries  the  products  of  the  r  industries  themselves. 

Thus,  let  X.  be  the  input  of  the  i^^  commodity  in  the  pro- 
^  J 

duction  of  the  J  commodity.  And  if  a  denotes  the  constant 

^  J 

input  coefficients,  and  Xj^  the  amount  of  the  J  commodity  pro¬ 
duced  for  final  donand,  we  get  as  in  equation  (6.21), 


vhere  X  and  denote,  as  before,  the  vectors  of  total  output  X^ 
and  output  for  i 
equation  (6.22). 


and  output  for  final  demand  X^^  reapectively,  and  is  given  by 


If  a  ,  .  is  the  constant  capital  coefficient  of  the  J 
r+1,0 


th 


industry  we  have. 


(6.37) 


S  Vi,j  ==1  S  h 


>1 


As  before  this  can  be  written  in  the  foim. 


(6.38) 


2  ^ 


Thus  the  problem  of  allocation  of  resources  between  the  r  indus¬ 
tries  of  the  export  sector  ceua  be  expressed  as  the  following  programming 
problem. 


max. 


subject  to 


X  -J? 


X 

o 


and 


J»1 


r+l,J 


The  solution  to  this  problem,  as  in  Section  6.2,  can  be  considered 
in  the  following  manner; 

(a)  First  consider  the  solution  to  the  problem  without  the  capital 
constraint  (6.37). 
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The  solution  to  this  problem  was  given  by  equation  (6.36)  eis 


1  +  8, 


^  *  ’’J 


J  =  1,  2,  . . .  ,  r 


which  equation  now  defines  the  optimum  values  of  output  for  final  demand 
From  equation  (6.22)  we  obtain  the  optimum  values  of  the  total  produc¬ 
tion  of  these  Industries. 

If  this  solution  Is  feasible,  then  this  Is  the  'optimum'  solution. 

(b)  If  the  above  solution  Is  not  feasible,  then  It  follows  that  the 
capital  constraint  Is  binding. 

In  this  case  considering  the  lagreuiglan  function. 


(6.39) 

we  get, 


»'  Vl,J  "jo' 


(6.40) 


\  A 


ti  -  (X*  j  X  8j)  FjUj)  *  ijl  - 


=  0 


J  =  1,  2 


,  ...  , 


1  •  6  •  ^ 


(6.41) 


*  1  +  I  -  X  A  , 


=  0 
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eind  X  Is  given  by  the  relation^ 


(6.42) 


4  -  z  ^  (1  -  (1  +  n,  +  5j  F.d.)  +  {,]  X 
K  J*1  0  J  J  J 


Jo 


Equations  (6.4l)  and  (6.42)  define  values  for  z  .  These  values  of  z 

define  the  'optimum'  output  X.  that  need  be  produced  for  final  demand. 

J  o 

Finally  these  Xj^  define  the  output  at  full  capacity  from  equation 
(6.22),  and  hence  ve  get  the  'optimum*  capacity  levels  of  the  r 
industries . 
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Nirkotlns  RtMareh  DapartMot 
Olln  Ihtbltson  HioBlral  Carp. 

27$  VlDchoator  Avomio 

■tif  Haran  4,  Connoctlcut  1 

Or.  R.  I.  OoBory 

ZM  Raaoarch 

Torktovn  Bolgbta,  lev  fork  X 

Profeaaor  Zvl  Orlllchaa 
Oapartaent  of  IconoBlea 
lAlveraity  of  Cblcaio 

Chleaco  37,  lUlnola  X 

Dr.  laadore  Heller 

Isvy  Manacraent  Office 

Maahlacton  25,  D.  c.  X 

Dr.  Theodore  R.  IfaiTia 
Ihe  RMD  Corporation 
1700  Itein  fltTMt 

SanU  Monica,  CaliforoU  X 

Dr.  John  C.  RaraaByl 

DapartMent  of  RcoooBlca 

Uvne  State  Ukilvaraity 

Datrolt,  Nlehl^  2 

Srofeaaor  K.  R.  Beataoaa 

OVM^nt  of  NathaMtlea 

OHvaralty  of  California 

Zm  AnceXoa  24,  California  X 

Rrofeaaor  C.  Blldretb 

mehl^  State  Unlvaralty 

laat  Zanatai,  Nichican  X 

Mr.  C.  J.  lltcb 
The  RMOD  Corporatioo 
1700  Main  Rtraet 

Santa  Meolea,  California  X 

Dr.  Alan  J.  SoffBan 
IW  Raoearch  Center 
Bk  218 

Torktovn  Haiihta,  Rev  York  X 

frofeaaor  Avatla  A^diatt 

School  of  Baolaeoa  Adalnlatratian 

Unlforaity  of  California 

Irrkolay  4,  California  X 

Zr.  C.  C.  Bolt 

flrad  School  of  ladnatrlal  Ateialatratlon 
Camofle  Inatitnta  of  ^haolov 
flttahw^  13,  NnuyleiBla  X 


Dr.  John  ».  : _ 

Cwlaa  RBBBdatloo  for  Haaaareh 
in  RconoBlea 
Tala  StatloB,  Bor  2123 
lav  Hawn,  CooDectieut 

ftofeaaor  1.  lotellliw 
Dapt.  of  ■htliMtleal  SUtUtlca 
lhlw.lt,  of  lortli  Chrollw 
Cb.,.1  nil,  lorth  emltm 

ftofMMr  E.  8,  loMEokter 
IhfvtMt  of  leoDe^e. 

IhrwE  Qtalwalt, 

CaakrUaa  ]t,  IhaaaekMatu 


I>.  E.  «.  1 
fttartaaat  of  MaatrUa 

of  Matla  Mlela. 
V8M«AaF4 

I  flald,  tmm 


Dapartaaet  of  leoBoalea 
DMlaaraitgr  of  MlBMaoU 
Wnnaipolia  14,  Mlnnaaote 

Srofhaaor  J.  R.  Jaekaoe 
IMaaiMant  Selanoea  lea.  froj. 
ZMivaralty  of  CUlfomla 
Zm  An^laa  24,~^lfcrBla 

Srofaaaor  Ohio  V.  JorpanaoB 
Oapartaant  of  BconoBlea 
Qhlvaralty  of  California 
Svfeailey  4,  California 

Johaa  Bepklna  Dhlvaralty  library 
AoBalaltlona  Dapartaant 
BaltlBore  I8,  itaryland 

Capt.  lAlter  8.  ban,  OB 
Office  of  laeal  Reaeareb 
Coda  400 

ZMpartaent  of  lary 
Uaahlflctoo  25,  D.  C. 

Rrofaaaor  Zavrenee  Klein 
Departaent  of  RconoBlea 
Unlvaralty  of  Penn^leanla 
Philadelphia,  Fennaylvanla 

Profeeaor  T.  C.  Koopamna 
Covlaa  Poundatlon  for  Reaaareh 
In  IcQooBice 
Yale  Station,  Boat  212$ 

Rav  RaTan,  Connecticut 

Profeaeor  Harold  V.  r»>tw 
Daparbaent  of  tAthenatleB 
M7n  Mavr  CoUafla 
Mrn  lAvr,  Pannayl^wnla 

Dr.  Howard  laltln 
Tba  RAID  Corporation 
1700  Main  Street 
Santa  Monica,  Califcrnla 

Dr.  R.  P.  Zanaallottl 
ZMpartaant  of  leonoBlea 
Waahlacton  State  CoUepa 
,  IMahlnctott 


A'ofeasor  C.  I. 

Dwrtmnt  of  MathBaatlea 
Ranaaelaar  Polytechnlcal  Inatltute 
Tk>«gr,  Rev  York 

Profaaaor  I.  u.  Zaontief 
ZMpartaaut  of  Xcoaaalea 
Rarvard  Ublvaralty 
raabridpa  36,  Maaaachnaatta 

Zkr.  RnrohordtUeberaao 
Canter  for  Intematloiml  Affaire 
6  Divinity  Aw. 

Rarvard  Uhlwraity 
CMbrldfe  38,  Maaaacbuaatta 

frofaaaor  8.  B.  Littauar 
IMpt.  of  Induatrial  friflnaarlna 
Col^aMla  Uhlwrelty 
lav  York  2?,  lev  York 

Dr.  I.  Duncan  Luce 
IMpt.  of  Payeholopy 
Milwral^  of  Paanaylvanla 
PhllBdalphia,  Paon^lvanla 

or.  Cralp  A.  lAfVira 
2934  Hlnehaater  Hay 
Innebo  Cordova,  Cailfvnu 

■molt  IMBdalhrot 
Zntamatioaal  ^rtTlntt? 

JMcblaaa  Corp. 

Raaoarch  Canter 

P.  0.  Bob  218,  iMb  MmUU 

Torkt^  lelibta,  lav  York 

Profaaaor  Jallaa  Marfolia 
IMpartent  of  Rualaaae  AABtalatrstloB 
DMlwal^  of  Chllfa>nia 
SUitelBy  4,  Califorala 

tt.  Rarry  M.  ta^ovits 
ZoSintiea  Dapartaant 
The  RAID  Corporation 
1700  mia  ftroat 

t  NoBlea,  California 


Profaaaor  Jacob  NvaelMk 
jAool  of  talaaaa  Adaialatratla 
SHivarottp  of  CallfomU 
SililM  24,  CaUfomU 


Tboaaa  IMrachak 

SeboQl  of  Rualnaaa  Adalnlatratlea 
Uhlvaralty  of  California 

>•  Barkalay  4,  California  X 

Profaaaor  Zdooal  M.  MeKanila 
Dapartaant  of  Iceaaaloa 
IMlvoralty  of  Roehoatur 
Slwr  Cavua  Station 

Roehaatar  20,  Rav  York  X 

Mr  .  Joaaph  Mahr 

iMd,  Oparatlona  Raaooreh  Oaak 

V.  8.  1.  firalnlns  Davlet  Cantor 

Port  IMahlacton,  L.  I.,  lav  York  X 

Dr.  Richard  A. 

4071  Haat  7th  Street 

Port  Worth  7,  Vaxaa  X 

Profaaaor  PTaneo 

flrad.  School  of  Induatrial  Malniatratlon 
Camafle  Inatltute  of  laohnolefy 
Pittsburgh  13,  Pennaylvania  X 

Profeasor  Jaaas  Moore 

IMpt.  of  Industrial  Rnglnaorlng 

lortbeaatam  Utalverslty 

Boston  X2,  Mass.  X 

Professor  0.  Morganstarn 
Beoncaetrle  Reaaareh  Progran 
Princeton  Univaralty 
92*A  Raaaau  Street 

Princeton,  Rev  Jersey  X 

D.  I.  levhsB 

Chief,  Induatrial  Rnglnaorlng  Dlv. 

CcaptroUer 

Bdqra,  San  Bamardlno  Air  IMtarial  Area 
Barton  Air  Pores  Base,  California  X 

Ifr.  M.  L.  Iordan 
Reaeareb  Dlvlalon 
College  of  Inglneerlng 
lev  York  Univaralty 

lav  York  55,  lav  T«k  X 

Profaaaor  R.  R.  O’laill 

Dapartaaant  of  RnglMorlng 

Uhivaralty  of  Califcrnla 

Loa  Angeles  24,  Callf«-nla  X 

M*.  Richard  y.  Palemo 

(^rations  Reaaareh  DepartMnt 

VlUov  Run  Zaboraterlaa 

Ypailantl,  Niehl^  ^ 

Profaaaor  Stanley  Raltar 
ZMpartnant  of  Bconcailea 
Purdua  Unlwralty 

ZafayatU,  Indiana  X 

Profaaaor  N.  RlXay 

301  Stephana  Manni  lal 

Italvaralty  of  California 

Barkalay  4,  Callfomla  X 

Profeaeor  D,  Rosenblatt 
Dapartaant  of  Statlatlca 
»•  Oeorge  lAahlngtoB  Dhiveralty 
Hublngtoo  7,  Da  C.  2^ 

Profeasor  Mangr  Rosenblatt 
^Pvtaant  of  lAthamtlca 
IktnvD  Utoieeralty 

ProvldaDca  12,  Rhode  2 

Profaaaor  A.  B.  Ross,  Head 

IMpartaant  of  NattMavtieo 

Mdveraity  of  Botre  Daa 

Sptre  Daa,  Indiana  2 

Profaaaor  Jaroaa  Rotbenborg 

DapartMDt  of  Bccralca 

■ortbwatem  Dhlvaralty 

Svmnatoo,  Ullnola  2 

Prefbaaor  Albert  I.  R^nataln 
Dapartaant  of  Ind^trlal  ~ 

■orthwatam  Uhlveralty 
Sranatoo,  lUtaola 

Profeaeor  B■raan  Rubin 
Dbpartaant  of  StaUatlea 
Mlehl^n  State  thilvaraity 
iMt  lauMlng, 

PPcfbMor  Rlotard  S.  lalaar 
Pki»<«euC  of  ■bnnanRi 
NUbigM  Stau  Shlvwattp 
- - -  Mlehl^ 


ife«f«Mor  f.  A*  IhbImb 
iMul  of  lecaaBloo 
M.  Z.  T. 

OMtarldct  99»  NMMctawtta 

If.  I.  UeharA  8bvm» 
lehool  of  iMimM 
nDooit  KU 
tbiwiltgr  of  lUaMMU 
Niiai«olla  1%,  NlJinMete 

PfofoMor  Androv  Sehsts,  Jr, 

Bopt.  of  ladoftrUl 
CoraoU  Oblvaraltgr 
Ithaca,  Bur  York 

Ifofaaaor  R.  A.  SlaoD 
Dipt,  of  loduatrlal  iUlalalatratloa 
OarMda  Inatltat*  of  Taohaolotr 
Ptttkbur^  13,  POttD^rlvaala 

Ife*.  J«  R.  Simoon 

te*oan  of  A^plloa  aad  Aeeoimta 

Coda  SB 

drllBcton  Aanax 

U.  8.  Dapartaant  of  laay 

UMhlatton  23,  S.  C. 

Frofaaaor  laurla  teall 
Dapartaant  of  NatlMMtlca 
Oartaouth  Coliapt 
Hanorar,  Raw  Haivahlra 

Frofaaaor  Robart  Solov 
Dapartaant  of  Icaooalea 
Naaa.  loat.  of  Vaohnolofir 
COTbrld^  39,  Maaaaclnaatta 

Frofaaaor  Robart  Staaira 
Dapartaant  of  leoBoalea 
Dhlaaralty  of  Fannaplvanla 
Fhlladalphla,  Pann^lraala 

Frofaaaor  Oarald  ItMaq^on 
Oapt.  of  iBdnatrlal  iUalnlatratloa 
Camacla  Inatltuta  of  Vaohaolocp 
Flttabur^  13,  FatmaplTaala 

Frofaaaor  R.  M. 

0«artaant  of  Nathaaatlea 
Qhlraraltp  of  Mlehlgaa 
Am  Ai'bor,  Mlohlma 

frofaaaor  L.  M.  Tlehvlnakgr 
Dapai  lamt  of  ■I^(laaarlllc 
VhlraraltT  of  California 
Darhalajr  4,  California 

Frofaaaor  Jmaa  Itebln 
Cornell  of  Bconoale  Mrlofra 
fraevtlva  Offlea  of  lha  Fraaldaat 
Haahlncton  23,  D.  C. 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 


Mr.  FhlUp  Wolfa 
tta  IHD  Corporation 
1700  Main  Straat 

Imta  Nonlea,  California  1 

Frofaaaor  J.  Holfovltg 
Dapartaant  of  Mathaaatlea 
Cmnall  Otlraralt/ 

Ithaea,  Daw  York  1 

Frofaiaor  Robart  J.  Vblfaoa 
CSZR  Zne. 

9171  Vllahlra  Urd. 

Bararljr  Hllla,  California  1 

fr.  Narahall  K.  Wood,  Cblaf 
Indoatrlal  F^tinamhllltY  fraaeh 
Offlea  of  Aaa't.  Sac.  of  Dafanaa 
Uaahlnfton  23,  D.  C.  1 

Frofaaaor  N.  A.  Woodburp 
D^artaant  of  Mathaaatlea 
lav  York  Iblvaraltjr 

lav  York  lav  York  1 

Dlatrlbtttloo  via  ft  London 

Comandlnc  Officer 
franeh  Office 
lavp  lo.  100 
Fleet  Poet  Office 
lav  York,  lev  York 


Profeeaor  Naurlea 
62  loultTvil  St.  Nleb.1  (TI°) 

Fu-i.  6.,  nuUES  1 

Mr.  WUIlK  M.  Oorau 
tteimreltp  of 

Bindndhm,  HAP  1 

Mr.  frank 

Dapartaant  of  leoooalea 
Ctatnrchlll  Collaca 

Caabrld«a»  HAP  1 

Dr.  Rndolf  Rnaaar 

Inatltvt  fur  anBawandta  Mthamtlk 
Ttelvaralt&t  Bam 

Dam,  SWITEKAP  x 

M.  Jaomaa  Xaaoama 
Boeldta  dan  Mathmatlmaa 
Appllfu^a 
93  rm  Momdor 

Faria  9a,  nun  1 


Sr.  Dtaond  Naltmaitf 
Inatltirta  frtlonal  da  la  8UtUtl«m 
at  daa  Itudaa  leonond^naa 
29,  fual  frnnlp 

Faria,  nun  1 


fr.  Taaiahftii  Rhtaahba 
Dapt.  of  leonoaleo 
OaahalB  Shlvaraitp 
MAlre,  Soahlaaka 
Volvo,  JAF« 

Frofaaaor  frfema  Yhaal 
Dapartaant  of  leoBoaloa 
Vnhofcn  Qbivaraltgr 
■andnl,  JtfiM 

SSmr  Fbrrti 

Jan  IManta 
Behool  of  leoooBlea 
Shlvaraltp  of  I.  8.  Rhlaa 
Kanalnfftoa,  I.  8.  Rhlaa,  ADRMZ2A 

Frofaaaor  David  llatm 
Mmaa'a  Dhlvaraitp 
XUfftoB,  Ontario 
CMtfM 


Frofaaaor  D.  T.  V.  Bear 
Dapt.  leoBoalea 
Ublvaraltp  of  Chicago 
Chicago  37f  minoia 

Additional  acvlaa  for'jraAaot  landnr 
and  nmUt-anta  md  raaaaraa  for  frfa 
mgadraMnti. 


Profaaaor  C.  B. 

Dapt.  of  Nathmatlea 
Sniraraltp  of  California 
Loo  Anptlaa  24,  California 

Frofaaaor  A.  V.  Taekar 
Flaa  Ball,  Bob  7<06 
Frineaton,  lav  Jaraap 

Frofaaaor  Blrofml  Qtam 
Baharloral  Sclancaa 
808  Jmlporo  gam 
Btanford,  California 


Frofaaaw  D.  P.  Totav,  Jr, 
Dapartnant  of  Bconmlea 
Yhla  Qblraraltp 
lav  laran,  Cooaactlevt 

FToftaaor  V.  A.  MhlUa 
2ffT  laakaU  laU 
Snianraltp  of 
Chicago  37,  UllBola 


Frofaaaor  J.  L.  kUah 
D^artaant  of  Pthonntiea 
■aranrd  Onivamttp 
Ca^ldga  3Bf  Maaachmatta 


or.  T.  thltin 

School  of  Indaatrlal  NmaMmm 
Inntltnta  of  Vachaolnsr 
'  ‘  ~  36,  Hmaachnaatta 


fr.  Mpna  A.  lO^l^aa 

6393  •  A  Snm  ftrart 
Oafelaad  9f  California 


1 


1 


1 


1 


1 


1 


Frofaaaor  Mnrlee  MeNuna 
Fheultp  of  C  woe 
aad  Becial  BelaBce 
Snivaraltp  of  Mmljvhm 
DiralB^MB, 


Frofaaaor  Zk*.  Balm  Bamrmm 
Znatltut  ffr  Ttaailaiiiai  tain  ■■laaanaiilMl  [ 
frafatraaaa  39 

'^‘•■kfvt  a.M.,  (BWir  1 

Frofaaaor  lanrl  Itell 
Beonoaatrlc  Inatltata 
Bathnrlanda  Behool  of  Beononlea 
Bottardm,  — '"1IAITO  1 

Pjatrlbutlon  via  «»  "y  — 

D.  8.  AttacM^ 

Attach^  for  Air  (TOhpo,  J^ao) 

AFO  -  500 

Ban  franelaeo,  California 

Frofaaaor  Nlehio  Iferlahlm 
ZaatltuU  of  Social  fmairtr 
Baaaareh 
Oaaka  Dblmraitp 
Vapmahn,  Oaaha 

jvm  1 


112 

Vokpo,  jAFAB 


fr.'  BMiMma  BlMUAo 
laatltata  of  Social  aad 


Oanha  nuanmltp 

m  - 

JM 


0— fraat  Wm  883(90) 

ST" 


